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PREFACE

This report presents the results of a study of the validity of
induced environmental criteria in Army aircraft design and test
requirements. The study was conducted by the Boeing Vertol
Company for the Lustis Directorate, U.S. Army Air llobility
Research and Development Laboratory (USAAMRDL), Ft. Eustis,
Virginia, under Contract DAAJ02~73-C-0069 (DA Task 1F262209AH76).

USAAMRDL technical direction was provided by lir. Donald R.
Artis, Jr.

The Project Engineer and principal investigator for the Boeing
Vertol Company was Mir. John F, Bell of Product Assurance R&D
Hardware Programs. He was assisted by lls. J. Vivaldi and
llessrs. K. Anderson and R. Millay of Data Central, and vari-
ous product support and engineering design specialists.

Program management and technical direction were provided by
Mr. R. B. Aronson, Manager of Product Assurance R&D Hardware

Programs at Boeing Vertol.
The author gratefully acknowledges the cooperation and assist-
ance of personnel at Felker Army Airfield, Ft. Eustis, Vir-

ginia, and the System Engineering Support Division, AVSCO!,
St. Louis, Missouri, in the acquisition of pertinent data.
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INTRODUCTION

The environmental conditions to which Army helicopters are
exposed contribute significantly to reliability and maintain-
ability (R&M) shortcomings. It has been determined that the
environmental criteria used in the past to stipulate environ-
mental design and test requirements are in many cases anti-
quated in relation to Army helicopter technology. Consequently,
efforts have recently been initiated to define the operational
environment upon which more accurate environmental design and
test requirements for future Army aircraft can be based.

Specifically, research and development efforts are currently
under way to define and documeiit the worldwide natural
environment and to determine the influence of this natural
environment upon various Army aircraft types. To date, the
induced environment has not been adequately covered. The in-
duced environment is primarily composed of those environmental
factors which are imposed upon the aircraft by itself and its

mission requirements and by man in the process of aircraft
maintenance, handling, and air or ground transport. Since

the natural environment design and test criteria for Army air-
craft are, in general, antiquated or inadequate, it 1s sus-
pected that the induced environmental design and test criteria
and requirements are similarly inadequate.

This study therefore comprised the following efforts:

® First, certain induced environmental factors were
examined, and their effects on current Army aircraft
were quantified.

® Second, the potential effects of these factors on new
design concepts and state-of-the-art improvements in
materials and processes were qualitatively assessed
for next-generation aircraft.

e And finally, the validityv of environmental design and
test criteria contained in related specifications,
design guides, and test procedures was reviewed for
systems, subsystems, and components which exhibit
significant reliability problems. Where these docu-
ments were shown to be deficient when assessed against
adequate criteria, specific revisions were recommended.
The need to develop new documents was also assessed.

In this manner, it is believed that many of the current defi-
ciencies in induced environmental criteria for design and test
can be identified and remedied to the benefit of future Army

aircraft.
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—euClib BHVIRONMENTAL FACL. ks

Natural environmental factors, such as humidity, wind, temper-
ature, precipitation, and soil particles, result purely from
exposure to conditions of weather or geographical location.
Induced environmental factors are, as the name implies, of
manmade origin. They are the environmental conditions imposed
upon the aircraft by its own design configuration; its func-
tional or mission requirements; and the requirements for main-
tenance, servicing, and transport. Figure 1 portrays the
scope of environmental stresses in both categories.

The factors shown on Figure 1 which are not addressed by

this report are being or have been defined under other Govern-
ment efforts and are therefore not considered part of this
effort.

The following induced environmental factors are the subject
of this study:

® Temperature or thermal shock

e Ozone (03) generated by the helicopter

® Aircraft operating fluids

@ Field cleaning materials and techniques

® Mechanical shock of normal landing and gust loads
® Animal fluids, secretions and excrements

@ Aircraft transport

® Rodent damage

® Internal airflow patterns and contamination

Before ana.ysiang their effect on current Army aircraft, these
factors will be defined and discussed in greater detail.
Definition is necessary to assure understanding of the scope
or limitations of each specific factor and discussion provides
a rationale for such limitations based, in most instances, on
analysis of the field experience data. This is consistent with
good engineering procedure, although it may seem like placing
the cart before the horse. In other words, prior to the field
data analysis, the scope and effect of these factors were ill-
defined and based on hearsay, empirical knowledge, or isolated
reports. The data analysis enables better qualification as
well as quantification of the induced environmental factors,
both of which are essential to their definition.
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THE ENVIRONMENTAL STRESS UNIVERSE

INDUCED — ————————— &

j——————— NATURAL

NOT INCLUDED IN THIS STUDY

Temperature (Ambient)
Microbiological (Fungi)
Precipitation (All Forms)
Corcosive Conditions (Atmospheric)
Humidity

Soil Particles (Sand and Dust)
Vegetation

wind

Solar Radiation

INCLUDED IN THIS STUDY

Temperature or Thnermal Shock

Ozone Generated by the Helicopter

Aircraft Operating Fluids

Field Cleaning Materials and Techniques
Mechanical Shock (Normal Landing, Gust Loads)
Animal Fluids and Secretions

Aircraft Transport

Rodent Damage

Internal Airfl w Fatterns

NOT INCLUDED IN THIS STUDY

Rotor Downwash

Vibration (Acoustic and Mechanical)
Mechanical Shock (Other than Above)
Explosion or Blast Effects

Nuclear Radiation

Electromagnetic Radiation

Ncrmal Servicing Requirements

Normal Maintenance Requirements
(Other than Cleaning)

Figure 1. Scope of Helicopter Environmental Stresses.
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TEMPERATURE OR THERMAL SHOCK

This study is concerned with excessive temperatures, generated
by equipment operation in enclosed compartments, which result
in premature failure or malfunction. Atmospheric or ambient
temperatures may aggravate or reduce the cffect of such condi-
tions, but are considered to be of the natural environmental
category, and are not treated in this study excepi as they may
affect upper or lower limits of component operatiun or create
shock due to rapid change. Basically, the designer must be
aware, by empirical or test data, of the allowable operational
limits of the equipment, and he must design the installation to
meet those limits under the anticipated environmental condi-
tions, both natural and induced.

Thermal shock resulting from rapid changes in temperature must
also be recognized in helicoptecs component design because of
the potential for damage in high-altitude air transport. It is
not considered significant in Army helicopter operational reli-
ability, however, because of the relatively low altitudes at
which flight operations are normally conducted. While heli-
copters may frequently be operated from base locations higher
than sea level, the operational altitude is still primarily
limited to a 2000- to 5000-foot spread which at_ the standard
lapse rate, represents a maximum temperature change of 16.5°F
from the base level.

AN

As the failure rate data in Table V shows, temperature extremes
have the most significant effect on electrical and electronic
equipment. Such equipment generates varying degrees of heat in
performing normal functions and is uniquely susceptible to de-
terioration and malfunction as a result. The very high failure
rate of only three receiver/transmitter units in one model heli-
copter was the major contributory cause for the high priority of
this induced environmental factor. The document analysis in
Appendix III includes both installation and test specifications
for these specific electronic units. While the installation
specifications do not meet the study criteria, they are quite
clear in the specification of operating temperature limits. The
test documents are deficient in requirements for environmental
testing and R&M demonstrations. It is quite apparent that if
such tests had been made, the corrective action (louvers in the
compartment doors) could have been taken before production air-
craft delivery.

Engine compartments also sustain high tempcratures which can
adversely affect components and accessories. However, the
data analysis did not reveal current problems in this area.
Such problems are sufficiently critical to receive corrective
action early in the development test phase and are unlikely to
appear in the mature aircraft involved in this analysis.

ST L SO e S



OZONE GENERATED BY THE HELICOPTER

Ozone is a bluish gas which has a characteristic odor and is
most commonly formed in air by an electrical discharge such as
lightning or by the arcing cf electric motors. It is also
formed naturally by the action of sunlight on oxygen in the
upper a:mosphere and by the reaction of sunlight with nitrogen
trioxide (NO,) emitted in the combustion process and resulting

in photochemical smog.

Although its properties are different from those of ordinary
oxygen, ozone is not a compound but is elementary oxygen in a
different form known as an allotrope. Ozone (O;) holds three
atoms in the molecule instead of two, as in ordinary oxygen
(0O2), and therefore ->xidizes organic substances much more
readily than oxygen It is usz2d for industrial bleaching,
drinking water puritication, cold storage food preservation,
and various other chemical processes. Rubber is made brittle
and deteriorated by ozone in the air, and therefore the effect
of sunlight on certain helicopter elastomeric design applica-
tions requires serious consideration.l?

However, there is no evidence of problems in current helicopters
from ozone generated by the helicopter. Slight traces of ozone

may result from electric arcing and static discharge from rotor

blade tips, but the concentration is too low to show significant
or recognizable cffects.

AIRCRAFT OPERATING FLUIDS

For the purpose of this study, aircraft operating fluids are
defined as those fluids required for the normal functional
operation of the aircraft systems. Such fluids include fuel,
lubricating oil, grease, hydraulic fluid, water, oxygen,
nitrogen, and antifreeze.

Fluids tend to leak or escape from containment and spread to
form a surface film or collect in low spots, crevices, or
hollows throughout the aircraft. They will then often react
to cause deterioration or corrosion, depending on the material
with which they are in contact. Deterioration is the degenera-
tion of effective material propeyxties and is most common in
elastumeric materials, some composites, plastics, paints, and
nonslip compounds. Corrosion is the destruction of a metal by
chemical or electrochemical reaction with its environment.

The initiation and propagation of corrosion may differ depend-
ing on whether the metal is immersed in a fluid or exposed to
a corrosive atmosphere, but the results are the same.



7il, water, and hydraulic fluid films attract and hold fine
solil particles which contaminate bearings, seals, cables,

and close tolerance mechanisms, thus causing premature malfunc-
tion or failure. Some combinations of airborne pollutant
particles with fluids may create more than a purely abrasive
compound. Depending upon the combined chemical makeup of the
fluid and the pollutant particles, deterioration or corrosive
action may be generated in addition to the abrasive action.3

While water is listed among the operating fluids, it has little
functional use in helicopters. 1Its primary sources are
natural: rain, snow, and condensation of atmospheric moisture.
The chief source other than these is from washing the aircraft.
The problems arising from aircraft washing practices are con-
sidered under a separate environmental factor, but the failure
modes are often indistinguishable from natural moisture causes.
Consequently, all moisture corrosion problems are included in
the operating fluids group unless they can be positively
identified with washing cr cleaning procedures and practices.

The data analysis shows that aircraft operating fluids have a
more widespread and detrimental effect on the reliability of
helicopter subsystems and components than all other factors
of this study combined.

CLEANING MATERIALS AND TECHNIQUES

Aircraft field cleaning materials and techniques are signifi-
cant factors in helicopter reliability. Proper and timely
washing or cleaning of the aircraft and its component parts
is essential to qgood preventive maintenance and reduction of
premature failures. However, improper techniques or materials
can aggravate the environment and accelerate failures. For
example, windshields may be scratched by wiping dust off

with a dry cloth, instead of washing with mild detergent and
water as specified in maintenance instructions. Moreover,
the windshield may become hazy unless flushed after exposure
to the alkaline waterbase cleaner approved for fuselage ex-
terior surfaces. Close adherence to published maintenance
instructions is essential to ensure the maximum beneficial
effect from cleaning and washing procedures.

As noted in the discussion of aircraft operating fluids,
moisture corrosion due to washing techniques is not readily
distinguishable from that due to natural causes unless specif-
ically reported as such. Therefore, failure data on corrosion
modes will not be attributed to cleaning techniques unless
qualitative evidence supports such a conclusion. 1In any event,
washing and cleaning are included with other preventive
measures in the documentation review for validity of cor-
rosion criteria.



MECHANICAL SHOCK OF NORMAL LANDING AND GUST LOADS

This environmental factor is identified in recognition of the
fact that, when a design load is operationally exceeded on a
continuing basis, it may come to be accepted as normal but
still generate reliability problems. Thus under combat con-
ditions, landings may be considered normal even though they
repeatedly place greater than normal stresses on certain com-
ponents. Wind gusts may induce rntor blade stresses or cause
blade/fuselage contact and resultant damage when they are
treated as commonplace, and good preventive measures are
ignored.

Thus, while rotor blades may be secured in accordance with
maintenance instructions in anticipation of high or gus y winds
(classified in the natural environment), severe blade stresses
due to flapping may result more frequently from the downwash
of nearby helicopters (induced environment), because mainten-
ance personnel consider such stresses normal or routine and

do not take preventive precautions.

Failures resulting from this environmental factor tend to re-
flect on the local maintenance and operationai practices and
are therefore seldom reported in sufficient detail for good
data analysis. The data available in this study was inade-
quate for good quantitative assessment of this environmental
factor.

ANIMAL FLUIDS, SECRETIONS, AND EXCREMENTS

This environmental factor, entitled animal fluids, etc.,
cencompasses human secretions including blood, which is of
particular concern in medical evacuation missions. The over-
all effect of this environmental factor is one of corrosive
action in fuselage structure, skin, and flooring. Preventive
measures include proper material, protective coatings, and
frequent washing per maintenance instructions. However, the
failure data usually does not distinguish this causal factor
from others which corrode or deteriorate the aircraft struc-
ture. Thus the significance of this factor in itself is lost
in the general corrosion from fluids category, where it is
included for the specification review of environmental criteria.

TRANSPORTING THE AIRCRAFT

This induced environmental factor embodies the conditions to
which the helicopter and its systems are exposed during trans-
port by air, sea, or land; the effects of ferrying the air-
craft under its own power are excluded. The following condi-
tions could be detrimental to the aircraft:

7



® In transport by air, there is danger of mechanical
shock and vibration from landing, takeoff, or gust
loads and of thermal shock from rapid temperature
changes.

e In transport by sea, there is danger of some shock
if the aircraft is not adequately secured and local
vibration if it is not properly positioned onboard
ship.

e In normal motor transport operations, shock and
vibration are low; on unimproved roads, vertical
shocks and vibration can be detrimental.

@ In transport by rail, shocks can be high, depending
on velocities of humping impacts.

e In all modes, there are potential dangers in special
disassembly or assembly requirements and the atten-
dant problems of safe packing and storage of loose
parts or components. Also, there must be adequate
protection from exposure to natural elements. This
is most critical for the sea mode and least critical
for air transport.

The failure data relating to aircraft transport is minimal but
the data available may not indicate its real significance. The
dearth of reported problems can be attributed to several factors:

® The problems are not directly related to operation of
the helicopter and thus are not reported as diligently
as they otherwise might be.

® Some problems may not appear until long after exposure
and thus are not traceable to such causes.

® The conditions for potential damage are extremely
nebulous in the mechanical shock and vibraticn areas.

® Protection from exposure to the elements is well
documented by procedures and packaging requlations.

@ Air transportation is most frequently used and pre-
sents the least chance for damage to the helicopter.

RODENT DAMAGE

On the basis of evidence found in this study, rodent damage to
helicopters is confined to electrical wiring. The incidents
have not been documented adegquately to establish a valid



failure rate and have apparently occurred only on those air-
craft equipped with loading ramps. Such configurations are
conducive to rodent access to the aircraft cargo compartment
and may, by virtue of the cargo or personnel transport mission,
be more likely to contain scraps of food, which initially
attract the rodents. 1In any event, there is no evidence of
such a problem in either the large CH-54 (which presents

access difficulties) or the smaller utility and observation
helicopters.

INTERNAL AIRFLOW PATTERNS AND CONTAMINATION

This factor, rather than affecting the helicopter reliability
in terms of a component failure or malfunction, is included
among the induced environmental conditions because of its
potential to affect the mission. The several aspects of this
factor are:

® Contamination of cockpit air due to flow patterns
which permit air from the cargo compartment to
enter the cockpit bearing contaminants of dust,
debris, smoke, or noxious fumes;

@ Airflow patterns that permit a fire path from the
engine compartment into the main fuselage; and

® Inadequate cooling and ventilating of the cockpit
area.

The data analysis gives evidence that these factors are
uniquely related to the CH-46/CH-47 type of cargo configura-
tion. However, they should be considered in the design of the
next generation of Army helicopters.

RORIDW L (VRN VO



METHODS AND PROCEDURE

As an introduction to the methods and procedure used in con-
ducting this study, a brief reiteration 0f the purpose of the
work is pertinent:

e Each of the induced environmental factors was examined
to determine its limits and significant effects on
helicopter reliability and maintainability.

® The validity of each environmental factor, as a
realistic design and test environment, was assessed
for application to future Army helicopters in existing
specifications, standards, design guides, or other
documentation.

® Where existing design and test requirements and proce-
dures are found to be inadequate, changes are recom-
mended based on new criteria.

The first step is to relate the given induced environmental
factors to actual helicopter component malfunctions, failures,
or removals. This process requires qualitative problem iden=-
tification and then quantification in terms of component fail-
ure rate and/or unscheduled maintenance man-hour rate per unit
of flight time. Quantification in either or both of these
forms enables assessment of problem significance and priori-
tization for document review.

PROBLEM IDENTIFICATION

Data Scope

Problems were investigated and identified for seven existing
Army helicopters representing the current weight and mission
spectrum. For comparison purposes one Navy/Marine assault/
cargo type helicopter was included in the analysis. The heli-
copters analyzed are shown in Table I with their respective
manufacturers, missions, and gross weights.

Data Sources

The data sources used for problem identification were many and
varied. These sources and their applicability to the helicop-
ters analyzed are shown in Table II. Qualitative information
in the form of narrative description was essential for associ-
ating the problems with the appropriate induced environmental
causal factors. Failure rate and maintenance manhour rate
were just as essential. The combination of all three of these
factors was frequently unavailable. The section on problem

10
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quantification discusses the method used to assess problem
significance. Table II shows the capability of each data
sonrce to provide qualitative and quantitative information.

TABLE I. REPRESENTATIVE HELICOPTERS
Max
Gross
Popular Typical Weight
Designation Name Manufacturer Mission (1lb;
CH-54D Tarhe Sikorsky Aircraft Cargo/ 47,000
Division (United Transport
Aircraft Corp.)
CH-47C Chinook Boeing Vertol Co. Cargo/ 46,000
(Division of The Transport
Boeing Co.)
CH=-46D Sea Knight Boeing Vertol Co. Assault/ 23,000
(Division of The Cargo
Boeing Co.)
UH-1C, D Iroquois Bell Helicopter Co. Utility 9,500
AH-1G Cobra Bell Helicopter Co. Attack 9,500
OH-58A Kiowa Bell Helicopter Co. Observa- .3,070
tion
OH-6A Cayuse Hughes Tool Co. Observa- 2,709
tion

PROBLEM QUANTIFICATION

Data Parameters

The basic R&M parameters for quantification of the induced
environmental problems are identified in this study as fail-
ures per unit of time and maintenance man-hours per unit of
time. The reliability parameter is closely allied with the
maintainability parameter, since it represents the frequency
of performing unscheduled maintenance on the aircraft as a re-
sult of real or susnected component degradation. Three levels
of degradation exist: failure, malfunction, or discrepancy.
In this report all three of these levels are included in the
term failure. They are defined as follows:

11
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® Failures represent component degradation to the point
where functicon is essentially lost.

e Malfunctions represent a lesser degree of degradation,
usually noticeable either in terms of the component's
appearance or some external manifestation such as high
vibration; however, the ability to perform the function
is still present, and unscheduled corrective mainte-
nance may occur immediately or be deferred.

® Discrepancies represent conditions where corrective
unscheduled maintenance is appropriate to prevent sub-
sequent progressive component degradation (for example,
repositioning of a chafing hydraulic line), the un-
scheduled maintenance may be performed imm:.diately or
deferred.

While the recording of failure frequency and mode inrormation
is relatively straightforward, the identification of corrective
unscheduled mainterance activities taking place on the air-
craft is less clearly distinguishable. Basic requirements for
valid maintenance data are noted below.

The data must reflect every unscheduled maintenance event that
occurred at the organizational level during the designated

time period; otherwise, erroneously low rates will be calcu-
lated. There must be no periods of time where flight hours

are accumulated, but where unscheduled maintenance is either
not recorded or the records arc unavailable, Also, there must
be no unscheduled maintenance that is consistently not recorded
(for example, repositioning of chafing lines).

Duplicate counting of maintenance events must not occur.
Unscheduled maintenance occurring at the organizational level
often causes subsequent related unscheduled maintenance off
aircraft at higher maintenance levels. The data system must

be capable of identifying that the downstream maintenance was
related to an earlier maintenance event. Scheduled maintenance
(for example, servicing, scheduled inspection, scheduled re-
movals) must also be identifiable so that these events can be
excluded.

Data Analysis

All applicable data sources were reviewed in detail for each
of the eight representative aircraft. For each reported fail-
ure that was considered to be environmentally induced, the
following information was noted:

e Data source

e Part number

13
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® Part name

e Failure mode

e Environmental cause

® Corrective action if any

e Failures per 1,000 aircraft hours

e Maintenance man-hours per 1,000 aircraft hours

These failures were charted in Table III to reflect the dis-
tribution pattern of problems associated with each induced
environmental factor. There are 132 problems identified, of
which 11 are associated with airflow patterns and are not re-
ported as component failures contributing to the total induced
environmental factor failure rate. The remaining 121 problems
are associated with 36 different component/failure-mode com-
binations. Of the 121 recorded problems, 88 are identified
with aircraft operating fluids. Thé next largest environ-
mental causal factor, cleaning materials and techniques, has
15 identified problems, and their modes of failure are closely
allied to those of aircraft operating fluids. The third group
with similar failure modes is the animal fluids and secretions
factor with 4 problems recorded. Thus for the general failure
modes of deterioration, corrosion, or contamination, there are
107 identified problems or 89 percent of the total recorded
for the nine induced environmental factors. Table III also
reflects the generic tendency of these problems, showing fairly
even distribution for all the representative helicopter models.

Weight Factors

Further quantification of tnhe problems in terms of the R&ll
effects is necessary to assess their significance and enable
prioritization for document review. As noted above, valid
failure rates and maintenance man-hour rates were frequently
unavailable. Maintenance man-hours valid for this analysis
were available for only about 35 percent of the total recorded
problems. In addition, the variables associated with recording
of unscheduled maintenance man-hours led to the conclusion that
they could not be considered as a valid measure of comparison
for problem significance in this study.

Valid failure rates were found for about 60 percent of the
problems, and another 10 percent were assigned rates on the
basis of similarity. The remaining 30 percent of the probiems
which could not be validated were assigned weighted numbers
based on engineering judgement.

14
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; TABLE III.
L

PROBLEM DISTRIBUTION

Induced Environmental Factor

Numbcr of Failure Modes

CH=-54

CH=-47

CH=-46

UH-1C

UH=-1D

AH=1G

OH=58

Un+6

A. TEMPERATURE OR THERMAL SHOCX
1. Electronic Compartment
2. Windshield Anti-lIcing
3, Seal, MR Spindle and Sleeve
4, Seal, MR Blade Grip

B. OZONE (03) GENERATED BY HELICOPTER
1. Electrical Arcing
2. Electronic Components
3. Engine Emissions

C. AIRCRAFT OPERATING FLUIDS
1. Deterioration (Nonmetal)
a. FxBeranss
b. Cushion Clamps
c. Terminal Nipples
! d. Seals
e. Walkway Coating
t. Shock Mounts
g. Transmission Sight Gage
h. Decals and Ildentification Tape:
i. FM Antenna
j. Gas Producer Control Bellows
2. Corrosion (Metal)
a. Bearings
b. Connectors
c. Control Castings
d. Hubs and Attaching Hardware
e, Airframe Structure/Fittings

f. Switches

' g. Actuators
i h. Magnetic Brakes

i, Drive Shafts
j. Indicator, Tachometer

| k. Cargo Winch Brake

3, Dirt Contamination/Wear
a. Bearings
b. Seals
c. Cables
d. MR Dynamic Droop Stop
e. Generator

—

s

~o—

N = ——

——

N W

-

——

——

N

D. CLEANING MATERIALS AND TECHNIQUES
1. Windsrields
2. Airframe
3., Control System
4. Engine Compressor and Blades

s

m

MECHANICAL SHOCK (LANDING/GUST LOADS)
. Rotor Blade/Fuselage Contact

2. Structural Damage

——

F. ANIMAL FLUIDS, SECRETIONS, ETC.
COIIOSIVE E!!ects

< AIRCRAFT TRANSPORT (Air, Sea, Land)
1. Protection From Elements
2. Vibratory Load Damage

H, RODENT DAMAGE
Electrical Wiring

‘I. INTERNAL AIRFLOW PATTERNS
T. Cockpit Air Contamination
2. Cooling/Ventilating
3, Potential Fire Hazards

-

Total Failure Modes/Aircraft

17

34

19

12

12

11

22
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To simplify the process of failure assessment, weight factors
were established which provided a s;ingle-digit number in place
of the actual failure rate. These factors were based on a
sliding scale, which gives more relative weight to the lower
failure rate problems and reduces the weight effect for higher
failure rate items. Since 76 percent of the problems show
failure rates of less than one per thousand aircraft hours,
this process tends to slightly increase the total failure cig-
nificance but thereby helps to compensate for prevailing fail-
ure reporting deficiencies.

The weight factors established for the purpose of the study
are shown in Table IV.

TABLE IV. DATA ANALYSIS WEIGHT FACTORS

Weight Factor Failure Rate/1000 Flight Hours

1 0 to 1.00 and *

8

1.01 to 2.00

3 2.01 to 3.00

4 3.01 to 5.00

5 5.01 to 10.00

10 10.01 and up and Mission

Affecting Failures

*Valid failure rate data was not available for these
problems. A weight factor of 1 was assigned except where

a failure rate for a similar mode was available for another
aircraft. 1In such cases the weight factor for the similar
mode was used.

Failure Analysis Summary

Table V presents the idertified component, its failure mode,
the cause, the system affected, the weight factor, and recorded
failure rate. These data are grouped according to induced en-
vironmental factors; quantitative data appear in the appropri-
ate helicopter column.
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TABLE V. COMPONENT FAILURE ANALYSIS SUMMARY

System Affected

Induced Environmental Factor

Helicopter Models

and Problem Descriptior
CH=54

Powerplant

Rotor

Cli=47

CH=46

UH=1C| UH=1D| AH=1G|NH=58| Oli=6A

=1 Flight Control

| Airframe

» . Corwa/Nav

| Electrical
| Landing Gear
o | Equipment

o | Hydraulics
@ | Indicating

w | brive

-
°©
-
-

Component/Feilure Mode/Cause

weight

Factor/Component Failure Rate

A. TEMPERATURE OR THERMAL SHOCK
1. Electrical/Electronic Compartment
4. AFCS Amplifier Malfunctio -Condensation
b. UHF RT Unit Inoperative--Heat
©. VHF RT Unit Inoperative--ileat
d. FM Radio RT Unit Inoperative=-Heat

R

|
]

909
59.5¢]

2. Windshield
a. Blisters/Anti-Ice Heat to Dry Dew--Fog
b. Anti-Ice Temp Control Maifunctions Below o°C

| ®x

/.75

|

\

i

i |
5/9.36 |
|

i

T

|

+

1. Seal, MR Spindle and Sleeve Leaks--Temp Change
3. Seal, MR Blade Grip Leaks Below 20°F

1/.52]

B. OZONE (03) BY THE HELICOPTER

1. Electrical Arcing
2. “lectronic Equipment
3. Engine Emissions

C. AIRCRAFI OPERATING FLUIDS

1. Deterioration (Nonwetals)
a. Fiberglars Fairings Deteriorate-=0il, ilyd Fluid x
b. Cushion Clamps Deteriorate--MIL-L-780% Oil
c. Terminal Nipples Deteriorate--Hyd Flu:d
1. Seals
(1, Ramp, Cargo Door Seal Deteriorat.s==-Hyd F.uid|X
(2) Actuator, Lower Boost, Teflon Seils Leak X
(3) Swashplate Seal Leaks- _ii H X
(4) Tail Rotor Gearbox, Input & Outgut Seals '..cakl
(5) Transmission Rotor Shaft 'cal Lecks

e. walkway Coatino Deteriorates--Oil, #yid Fluid ¢ BN |

Shock Mounts |

(1) Fuel Pres::.re Transmitter--Fuel anc 0il ’

(2) Main Transmission Isolation Mount--=0ii |

=

B

1/.38
/¢

g. Transmission Sight Gage Discolors--0il
k. Wire ldert Tapes Deteriorate & Fall Off--Fuel,O1l
i. Rubberized Decals Deteriorate--Oil, Hyd Fluid

3. FM Antenna, ARC 54, short Jircuits--0il X
k. Gas Procuicer Control Bellows--0il, Fuel

1253
1/.77

5/766

1/.60
1/.07

1/.37

1/.41

1/
1/
5/

2. Corrosion (Metals)
a. Bearincs, Whecl--Water Landings
b. Connectors, Sockets
(1) Amphenol Connectors Corrod Moisture
(2) Antic llision Light Sockets Corrode--Moisture
c. Contrcl Ballcrank Carrodes in Access Hole--Moisture X
d. Rotor Hubs and Hardware
{1) Mounting Bolt, MR Blade Corrudes--Moisture X 1/
(2) Mounting Bolt, TR Blade Corrodus--Moisture e
(3) Rotor Mast, Hub & Scissors Corrodes-=Moisture
e. Airframe Structure and Fittings
(1) Airframe Corrosion--Fluids 6 Debris in Bilges |X
(2) Tailboom Attaching fitting--Moisture in Recess X
(3) Battery Compartment Floor Corrodes--Acid x
£. Switches
(1) APP 90% Speed Switch Malfunctions--Moisture X 1/
(2) 0il Pressure Switch Shorted--Moisture 8 VA
(3) Transmission Oil Pressure Switch Shorted--
Moisture Corrosion
(4) Hyd Pr ure Switch Shorted--Moisture
Corrosion
(5) Hyd Pressure Light Switch Shorted--Moisture
Corrosion
(6) Transmission Oil Pressure Light Switch
Shorted=--Moisture Corrosion
g. N2 Linear Actuators Incperative--Moisture
Corrosion X /¢
h. Magretic Brakes
(1) Thrust Magnetic Brake ®Will Not Release--0il
Contamination X
(2) Lateral Magnetic Brake Binds or Slips--0il
Contanination X
(3) Magnetic Brake Internal Corrosion--Moisture
Ent. at Shaft X
i. Tail Rotor Driveshafts Corrode Under Bearing
Collar 3
j. Tachometer Indicators Fail--Moisture Corrosion
k. Cargo Winch Brake Sticks--Hyd Fluid on Discs X

B

£

EE

1/*

1/.32

R/1.73

1.

1/ 2 A 1/¢
/e | VA 1/7¢

1/.1111/.26

1/.321/.13

1/.94

1/.05

v

17.23

1/ 69
1/.24

eFailure rate unavailable (weight factor is one or equal to a known rate for a similar failure node).
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TABLE V - Continued

System Atfected

Induced Environmental Tactor

Helicopter Models |
and Problem Description

CH=54, CH=47|CH=46| UH=1C|UH=1D| AH=1G [OH=58 |OH=6A

Rotor
Powerplant

| Alrframe

w~ | Comm/Nav
w|Drive
»|Electrical

| Landing Gear
o | Equipment

] Flight Control
®| Hydraulice

w| Indicating

Component/Failure Mode/Cause

-
o
=
-

Weight Factor/Component Failure Rate

3. Dirt Contamination
a. Bearings
(1) Rod End Bearings Worn--Contaminated by Dust X 3/2.18] 3/*
(2) Main Transmission 0il Cooler Pulley Bearing
Worn X 2/169)
(3) Pitch Link Bearings, Main Rotor Worn--
Contamination X 5/508
(4) Pitch Link Bearings, Tail Rotor Worn--
Contamination 3/284 JURRE Y PESYEY FIS RS
sors and Sleeve Plain Bearings Worn 2/1.04(1/.91 ! |
rank Learings feize--Corrosion X 1/.32
.7, Tail Rotor Control bearings Rough=-
Contamination
L 1ok ROtOr Hangar ecaring Taiis--
Contamination
(9) Tail Rotor Trunnion Eva:ing wo:
Contamination
(10) Sleeve Bearina, Swashplate Support Worn=-
Contamination
(11) Sleeve Bearing, ldler Lever Worne--
Contamination X 4/3.30

=

X X X %
L
-

b. Seals
(1) Upper Boost Actuator Seal Fails & Causes Leak X 1/.53
(2) Rotor Hub Pitch Housing Inboard Seal Leaks--

Contamination X /156 2/*
(3) APP Clutch Bearing Scal Deteriorates=--
Contamination X 3/293
(4) Main Rotor Spindle and Sleeve Seal Leaks--
Contamination X 1/
(5) Tail Rotor Spindle and Sleeve Seal Leaks--
Contamination X 4/4.18
(6) Servo Cylinder Seal Fails--Contamination X 2/1.37 (/137
(7) Main Rotor Grip Seal Fails--Contamination and {
Dirt Ente. Bearing X 21.45 |21 A3 l/l.nl

¢. Catles Wear at Pulley, Tail Rotor Control--Dirt
and Grit X 3/2.46 | 3/* |Vle
d. Main Rotor Dynamic Droop Stop Sticks--
Contamination X V1C0
. Cenerator Bearing, Brush and Slip Rinj Wear X 2126

D. CLEANING MATERIAL AND TECHNIQULS

1. Windshields
Scratched by Imp wWash leaning X 1/.02f1/.53]1/.54 |1/.64 1/*

2. Airframe

a. Electrizal Panels ard Antennas (Lower Fuselage)
Corrode--Moisture X 1/.12

b. Sonded Honeycomb Panels Deteriorate--Pressure and
Steam Wash X e

c. DC Voltage Regulator Inoperative--washing
Technique

d. Ramp Hinge Fitting Corrodes--Fluids and Debris X 1/.92] 1/*

w

Control System Bearings
Walking-Beam Bearings Corrode--wWater X PV

4. Engine
a. Compressor Discs Corrode--Cleaning Agent (T=53-L-13 X 1/.39
b. Inlet Housings Corrode--Water Co.lection /e
c. Plastic Linings Erode--Cleaning Agent (T-63 Eng) 1/.04 11/.04

E. MECHANICAL SHOCK OF LANDING AND GUST LOADS

1. Rkotcr Blade Fus.oia,e Contsct--Gusts, fuwnwash X able|nv0i2

2. StruCtula. . .luge
Fuel Poa Attaching Fittings Crack--Hard Landings |X 2/168 1

P. ANIMAL FLUIDS, SECRETION, ETC. |

Corrosive Effects
a. Fuselage Skin and Frames Corrode

1/*
b. Fuselage Flooring Corrodes

1/
1/.12|1/.05

G. AIRCRAFT TRANSPORT

Protection From Elements
a. Airframe Corrosi p Cacoon I 1/*
b. Main ssion nation ir

Transport Temp Extremes X 1/*

ePailure rate unavailable (weight factor is one or equal to a known rate for a similar failure mode)

18
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| Induced Envircnmental Factor t
elicopter Mogels
| and Problem Description i opter Moae

i B S s
CH-47]Ci=46 | UH=1C |UH=1D |AH=1G OH-58 |Gii=6A
i

i
Component/Failure Mode/Cause Weight Factor/Com.onent Failure Rate

|
|
5

2. Vibratory Load Damage
Airframe Damaged--Land Transport

I =

1

|

|

H. RODENT DAMAGE !
|

1

Electrical Wiring ‘ed--Rodents X 1/¢ 1/

I. INTERNAL AIRFLOW PATTERNS

1. Reverse Flow in Cockpit
a. Radar Altimeter Wiring Short--Smoke in Cockpit X
b. Generator Failure Caused Fire--Smoke in Cockpit(2)
c. Converter Short Caused Smoke in “ockpit
d. ARC 55 Blower Motor Failed--Smoke in Cockpit
e. Dust, Dirt, Debris Blow into Cockpit from Cabin | x| | [

¥ % x

i
|
| <+ Lovesny and Ventilating
! No Ram Air, Fan, etc., for Cockpit Cooling | |

3. Potentiul Fire Hazard
a. Aft Pylon Fire in Flight--Cause Undetermined (2) [X
b. Engine Cross Shaft Fairings--Fire Path to AR Pylon|X
c. Engine Transmission Spewed Oil into Engine

Starting Fire (2) x
d. Hyd Cooler Fan Creates Draft Engine to Aft Pylon

ENERTGW
s
1

xl
* Failure rate uravailable
**Mission affccting (total weight factor is equal to number of incidents times 10)

PROBLEM SIGNIFICANCE

After establishing the distribution pattern and weighted fail-
ure rates for problems caused by induced environmental factors,
the factors Laving the most significant effect on helicopter
reliability must be determined in order to establish a priority
for document review.

Table VI presents a matrix of weighted failure rates for all
the recorded problems available during this study on all air-
craft examined. These values are summed in the Total Weight
Factor column to establish a numerical value for each detailed
component/failure mode within each induced environmental cate-
gory. The sum of all weighted failures for each aircraft ap-
pears at the bottom of the appropriate column. The weight
values for internal airflow patterns are not included in the
aircraft totals because they do not represent failure rates,
per se, and are heavily weighted for their missica effect. Thus
these problems are significant only for effect on the mission
and do not relate to the significance of the failure rate.
Failure rate significance is summarized in Table VII; here the
aggregate significance of environmentally induced failures for
each aircraft is indicated as a percentage of the total aircraft
failure rate, except where total rates were not available.

It is obvious that problems attributable to the induced envi-
ronmental factors defined in this study represent a very small
proportion (3.6 to 5.5 percent) of total aircraft failures.

19
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TABLE VI. PROBLEM SIGNIFICANCE MATRIX
Total Failure Mode Weight Facto:
Weight -
Inducde t Environmental Facto: Factor [CH=-54 CH-47ICH-46 UH=1C | UH=1D | AH=1G | OH=-58 | Oli=6
—
A. TEMPERATURE OR THERMAL SHOCK (20)
1. Electronic Compartment 16 1 15
2. Windshield anti-icing 2 1 1
3, Seal, MR Spindle, and Sleeve 1 1
4. Seal, MR plade Grap 1 1
. OZONE (03) GENERATED BY HELICOPTER (0) *
I. Electrical Arcing o
2. Electronic Components 0 .
3, Engine Lmissions 0
C. AIRCRAFT OPERATING FLUIDS (153)
i. Deterioration (Nonmetal) 136)
a., Fiberglass 1 1
b. Cushion Clarps 3 3
c. Terminal lipples 1 1
d. Seals 12 1{ 5..,1 1 3
e. Walkway Coating 3 1 ] ]
f. Shock Mounts 2 ! 1 1
J. Transmission Sight Gage 1 1 :
h. Decals and Identification Tapes 11 5 5,1
1. FM Antenna 1 ! 1 |
j. Gas Producer Control Bellows 1 1 1 i
2, Corrosion (Metal) (37 ’ l
a. Bearings 1 1 | |
b. Connectors 4 1 1 i Lol )
c. Control Castings A 1 !
G. Hlubs and Attaching hardware 5 1.1 1 1] | s
e, Airframe Structure/fittings 9 1 1 1! 1! b, Qo fl 5 .. S
£. Switches 8 1,1 1L,1E 1,0 i ¢ % 0
g. Actuators 2 1
h. Magnetic Brakes l 3 1
i. Driveshafts 1
j. Indicator, Tachometer 1
k. Cargo Winch Brake 2 2
3. Dirt Contamination/Wear (80}
a. Bearings 39 2, L
b. Seals 25 1,3,4 1,0
c., Cables 9
d. MR Dynamic Droop Stop 5
e. Generator 3 2
D. CLEANING MATERIALS AND TECHNIQUES {15}
1. Windshields 5 i
2. Airframe 5 1
3. Control System 1 1
4. Engine Compressor and Blades 4
E. MECHANICAL SHOCK (LANDING/GUST L-ADS) (4)
T. Rotor Blade/Fuselage Contact =n 1
2. Structural Damage 2 2
F. ANIMAL FLUIDS AND SECRETIONS {4)
Corrosive Effects T 1,1
G. AIRCRAFT TRANSPORT (Air, Sea, Land) 3
Y, Pirntection From Elements 2 1,1,
2. Vibratory Load Damage 1 L
H. RODENT DAMAGE 122 :
Electrical Wiring & ald s
i) _.+‘:&;-
I. INTERNAL AIRFLOW PATTERNS (113)* i
1. Cockpit Air Contamination 51 10,10,1 | 10,20
2. Cooling/Ventilat .ng 2 4
3. Potential Fire Huazards 60 20,1v 5
i 20,104 {
Total Weight Factor 4 ?5 42 24 25’ 3

* Not included in total weight factor for individual aircraft

20 o

R N W N




TABLE VII. INDUCED ENLVIRONMENTAL PROBLEM SIGNITICANCE SUMWARY

Swrmary CH=57 CH=47 CH=316 UH=IC U/ =1D Ali=1. JHe3d ui=t
Nurber of Failure Modes 17 34 19 12 12 11 22 5
weighted Induced Environmental 25 42 24 25 16 33 30 8

Failures per 1,000 Flight Hours

* Total Reported Aircraft Faile a 1,170b 670¢C 6244 a 363¢ a E}
ure per 1,000 Flight Hours

Percent of Total Reported Faile- - 3.6 3.6 4.9 o £.5 - =
ures Caused by Weighted Induced :
Environmental Factors

Failure rate unavailable

USAAVNTB, Ft. Rucker, Ala., Jun 69 to Sep 70

U.S. Navy 3 data, RVN, 1969

U.S. Navy 3IM data, RVN, Dec 69 to Dec 70 for UH-lE
C.8. Navy 3M data, RVN Jan 70 to Dec 70

Sanow
PREP P

.

Fignure 2 shows the proportion that each environmental factor
contributes to these equipment failures. Further aspects of

PN these results will be discussed later in this report.
. Prioritization
R The summation of individual weight factors within each induced

~ ‘environmental category is presented in the left-hand column of
-% Table VI. From these data, the bar graph in Figure 3 was con-
.w.structed to show the relative significance of each induced en-
“vironmental factor. However, priority of attention to speci-
'%4qa+1ons with concern for design and test requirements cannot
"ﬁ'vgglated to the significance or priority of the environmental
al factors for the failures involved. Specifications

te to systems, components, and nardware, and therefore
Q&ltlaarlou of document review must be based on the rela-
,ﬁPLth of individual components. Table VIII displays the
zﬂengﬁf ed’ system/component/fallure mode problems and the

,‘; A §
Z '.’_ (i, T
:)
G
-

ﬁ&‘xnterxal airflow problems in 1nd1v1dually welghted se-

S0 ol a

" ’fﬂ N

Ay EQ,M1591on Affecting Problems, -ontains the two high-
‘&ﬁﬁﬁed individual problem areas. Category B contains
'~”h:hughest weighted R&M problems, ranging from weight
“&faﬁ for bearlngs down to 8 for switches. These prob-

M

ena a welght of 250, or 80 percent of the total weight
‘$ﬁ0Wn'1n Table VIII. These are the systems and _compo-




Aircraft Transport

Weight Factor

Mechanical Shock

Figure 2.

160

120

80

40

Awrcraft uperatiiig
Fluids 764

N

Dirt Contamination and Wear

40%

Corrosion

Rodent Damage

Animal Fluids

18%

Deterioration
18%

Distribution of Induced Environmental Factors

Causing Equipment Failures in Army Helicopters.

A. AIRCRAFT OPERATING FLUIDS
Deterioration (Nonmetal)

Corrosion (Metal)

[ Dirt Contamination/Wear
B. INTERNAL AIRFLOW PATTERNS
Cockpit Air Contamination
Potential Fire Hazards
C. TEMPERATURE OR THERMAL SHOCK
D. CLEANING MATERIALS AND TECHNIQUES
E. MECHANICAL SHOCK
F. ANIMAL FLUIDS
G. AIRCRAFT TRANSPORT
H. RODENT DAMAGE
I. OZONE
1. 1 1 1 £ 1. —.
1 2 3 4 5 6 7 8 9

Induced Environmental Factor Priority

Figure 3. Priority of Induced Environmental Factors.
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TABLE VIII. PRIORITY OF INDUCED ENVIRONMENTAL PROBLEMS

Probler 7y oam
Friority Item wolght Vel

Category A Mission Affecting Problems 111
1 Potential Fire Hazards 60
2 Cockpit Air Contamination 51

Category B Generic or Frequent R&M Problems 139
3 Bearing Contamination 40
4 Seal Contamination, Deterioration 37
5 Airframe Corrosion 18
Operating Fluids (9)
Cleaning Materials (5}
Animal Fluids (4)
6 Electrical Compartment Heat 16
7 Decals and Identification Tapes 11
8 Control Cable Abrasion 9
9 Switch Corrosion 8

Category C Low-Freguency R&M Problems 64
10 Hubs and Attaching Hardware - Corrosion 5
11 Dynamic Droop Stop = Contamination 5
12 Windshield - Cleaning 5
13 Connectors - Corrosion 4
14 Engine Compressor/Blades - Corrosion 4
i5 Walkway Coating - Deterioration 3
16 Cushion Clamps - Deterioration 3
17 Magnetic Brakes - Corrosion 3
18 Protection From Elements ~ Air Transport 2
19 Actuators - Corrosion 2
20 Windshield - Anti-Icing 2
21 Rotor Blade - Fuselage Contact 2
22 Structural Damage - Landing Shock 2
23 Gen Brush, Slip Ring = Contamination 2
24 Shock Mounts - Deterioration 2
25 Cargo Winch Brake - Contamination 2
26 Electrical Wiring - Rodent Damage 2
27 Cockpit - Cooling and Ventilating 2
28 Seal, Main Rotor Spindle & Sleeve Leaks/Temp Change 1
29 Seal, Main Rotor Blade Grip Leaks/20°F 1
30 Fiberglass - Deterioration/Fluid 1
31 Terminal Nipples - Deterioration/Fluid 1
32 Transmisuion Sight Gauge - Discoloration/0il 1
33 FM Antenna - Shorts/0il 1
34 Gas Producer Control Bellows ~Deterioration/0il 1
35 Control Castings - Corrosior 1
36 Driveshafts - Corrosion 1
37 Indicator, Tachometer - Corrosion 1
38 Structural Damage (Land Transport! =~ Vibration 1
39 Control System Bearings - Corrosion 1

Total Weight 314
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EFFECTS OF INDUCED ENVIRONMENTAL FACTORS ON NEW DESIGNS

The induced environmental factors defined in this study were
reviewed for possible effects on two next-generation Army
helicopters currently in the design development stage. This
assessment is qualitative only and is based on direct compari-
son of similar components or systems. Where direct comparison
is not possible, analysis is based on projected reliability
rates as developed in the new aircraft R&M analysis programs
which in most cases are not yet validated by test.

The details of this review are shown in Table IX. The chart
briefly states the new design approach to each of the problem
areas revealed in the quantitative review of current heli-
copters. The several instances noted as not applicable are
usually qualified by identifying the new design concept which
replaced the one displaying the problem. Where no com-
parable component or configuration exists, the notation so
indicates.

The Problem Anticipated column assesses the individual problem
against the new design approach.

An overview of the anticipated effect of the induced environ-
mental factors on new designs is presented in Table X; it is a
summation of the detailed analysis in Table IX. The aircraft
system/subsystem/component induced environmental factors are
listed in the order of their significance and their effect is
noted as Less, Same, or lMore. The Rationale column reflects
brief justification for the judgemental conclusions in the
previous columns.

In essence these conclusions may be stated as follows:

® Most induced environmental factors as defined in this
study will have less adverse effect than previously for
the reasons noted. For the most adverse induced envi-
ronmental factor (aircraft operating fluids), the ex-
pected improvements result from a combination of better
design specifications, improved materials, and inher-
ently less vulnerable designs due to greater awareness
of the causal factors on the part of aircraft designers.
Less thermal effect is anticipated in electronic com-
partments because of improved specifications and solid
state design concepts. Air conditioning or circulation
is expected to greatly reduce cockpit contamination.
Cleaning materials are generally adequate, but even with
the most explicit instructions, frequency and methods of
cleaning are still subject to the human element.
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Compr nent/Failure Mode/Cause

Iniluced Environmental Factur

ind Problem vescription

A

TEMPERATURE 0P THERMAL SHOCK

tlectrical/Electronic Compartment

a. AF.S Amplaifier Malfunctions--Condensation

Part of SUAS, Temperature

TABLE IX. ANALYS1S OF NEW DESIGNS

T —" rye— e e

L Next-tieneration Ar Imhcopmrl

| Utility/Assaule ne-vy Life

L—__<‘—'-V7-””>T - e eemn

KI.

]Problum

| Anticie

o e e e | Design Approach pltedw Desygn Approach
rYel T No
—— - — - R -— -

|
A1 Avionics Comporents
«

Ccompensrated Sealed X
b. UHF RT Unit Inqperative=-Heat lwuvers Provide Adeyuate ‘Avmnxc- Compunents
Asrflow x; Pneumatically Couled X
. VHF RT Unit lnoperatives=«Heat Louvers Provide Adequate JAvionics Comporents
mreflow X' Preuma’ically Covled X
d. FM Padic RT Unit lnoperative--fieat louvers Provide Adegquate fAvionics Uomponents
Airflow X Pneumatically Cooled X
¢, Windanield |
a., Blisters’Anti-lce Heat to iy Dew==Fog Temperat ure Sensor Control X Mot=Air Heat X
b. Anti=Jce Temp Contiol Malfunctions Below 0°C Tenperature Sensor Contrel X lint=Air Heat X
1. Seai, MK Spindle s Sleeve Lears--Temp Change Seal Pressurized to 1 2 tlastomeric Bearings
Atmost - ere X
i 4. Seal, MR Blade Grip leaks below 20°F Seal Pressurized to 172 ‘Elastomeric Bearin,s
l Arrosphere X
' B, OZONE (03} GENERATED BY HELICOFTER
1. Electrical Arcing Stendard Design Practice X Standard Des:ijn Practice X
i 2. Electronic Equipment Standard Desiyn Practice X atandard Desijyn Practice X
1. Engine Emissions | Standard Desiqn Practice : X Standard Lesign Practice x
C, AIRCRAFT OPEMATING FLUIDS X
1. Deterioration (Nonmetals) 1
a. Fiberglasa Fairings Detericrate=-01l, liyd Fluid Fiberglass Parels and Nomex| Nomex Hlades, Lxpanded AL
Core Doors X | Honeycomb Skin
L. Cushion Clamps Deterjorate=-MIL-L-7848 J:l Ty=-Rap Ban M5=3367) X Ty=Rap Bands MS-1367 3
c. Terminal Nipples Deteriorate~=Hyd Fluid Terminal Roard & Cover Used ! X Terminal 'oard & Cover Lmed X
d. Seal-: ]
(1) Ramp, Carge Door Seal Deteriora ==Hyd Fluid No B ent Installation | X Cargo Doc: and chpln!am
Seals X
12) Actuator, Lower Boost, Teflon Seals lLeak No Lower Bocst Installed { X Not App) cable/Fly by mu‘ X
{3} Swashplate Seal Leaks==01} Double-Lip Seal, Grease wblew .iv Seal, Grease
Lube ! X' Labr X
‘4) Tail Rotor Gearbox, Input é Qutput Seals Leak | 5tatic Oil Head Drain XjNo F 1iv. lent Installation X
{5) Transmission Rotor Shaft Seal Leaks Static O1] tiead Train x‘s:‘.n s1) Head Orain X
e. Walkway Coating Deteriorates--0i1l, Hyd Fluid Deck Coating per MIL-0-2300) X Wa,xways X
¢, Shock Mounts:
{l) Fuel Pressure Transrmitter--Fuel and Oil No Transmitter Installed X Engine Mounted X
{2) Main Transmission Isclation Mount==01l Mounts Have Protective Trarsmissions Not Xlollnd X
Coating X
§. Tranamissior Sight Gage Discolors--Oil Cockpit Indicators X Optical Giass Ir Prototyp X
h, Wire Ident T Dutericrate i Fall Off- L s Tied in Fluid X T8, Tied Flusd Ar X
1. Rubberized Decals Deteriorate--0il, Hyd Fluid X Clear lacquer Coltan X
3. PM Antenna, ARC 54, Short Circyite--Oil dot Applicable in Proto= ‘
nnl Stabilizer X type
§ k. Gas Producer Control Bellows-=0il, Fuel Fliorosilicone High Tem Actuator Mounted on Fuel
Oi1l-Resietant Material Control X
| Per MIL-R~25900 X
2. Corrosion (Metals)
8, Bearings, Wheel--Water lLandings Water Landings Not Required X
{ [ ings Not Required X H
b. Connectors, Sockets
(1) Amphenol Connectors Corrode-=Moisture Envirormental Conrectors i} X Envirornmental, Sealed
| Connectors X
{2) Anticollision Light sockets Corrode--Moisture | Fuselage Drains X Puselage Drains X
&, Control Bellcrank Corrodes in Access Hole--Moisture | Aluminum Bellcranks X Not Applicable=<Fly by wWire X
| d. Rotor Hubs & Hardware !
(1} Mounting Bolt, MR Blade Corrodes-=Mcisture [ Special Pin With Protective ‘roﬂe hing Wath 0.030 |
| '\ Cover x Pit Boit X
1 t3) Mounting Bolt, TR Blade Corrodes--Moisture Special Pin With Protective T-ﬂon sushing With 0,030
I Cover X Loose Pit Bolt X
{ (3} Rotor Mast, Hub & Scissors Corrodes-=Moisture Titanium Hub X Titanium Hub X
e. Airframe Structure & Fittings:
(1) Asrframe Corrosion--Fluids s Debris in Bilges | Fuselage Drains X Not Applicable/Cargo M
| External
(2) Teilboom Attaching Fitting==Moisture in Recess | Aluminur Fittings--No |Na Tailboom X
Recasses X
(3) Battery Compartment Floor Corrodes--Acid Battery Charger Regulated Sattery Charger Requlated
Overflow by Temperature Sensor X, by Temperature Sensor X
£. Switches: i
{1} APP 900 Speed Switch Milfunctions=-Moisture Control Assembly in Sealed [Design Not Finalized -
Box ; X
(2} o1 p ure Switch Shorted--Moisture Sealed Switche | X| Sealed Switches I H
(3) Transmisgion Osl Pressure Switch Shortede~- Welded Switch, Potted ¥elded Switch, Sealed
Moisture Corrosion Connector Xi Connector X
(4) Hyd Pressure Swictch Bhorted--Moisture Hermetically Sealed Hermetically Sealed l
Corrosion Switches | x| switches X '
(5) Hyd Pressure Light Switch Shorted--Moisture Hermatically Se Hermetically Sealed .
Corrosion Switches xl Bwitches X
(6) Transmiseion Oil P ure Light Switch Welded Switch, Potted Hermets ly Sealed
Shorted--Moistw e Corrosion Connsctor X| Switches X I
g. N2 Linear Artuators Inoperative--Moieture Mechanical Control Only X Electronic Control X
Corrosion {
h. Magnetic Brakes: i
{1) Thrust Magnetic Brake Will Not Realease-- Improved Seals and Cases i X|Not Applicable=-rly by Wire X |
Oil Contamination
(2) Lateral Magnetic Brake Binds or Slipa--0il X|Not Applicable~=Fly by W..~ X
Contanination
13) Magnetic Iulu Intunu Corrosione=Moisture { X{Not Applicable-=Fly by Wire X
at Shat
1. nullotor Duvuhun Corrode Under Bearing Improved Ma:erial Costings X|No Equivalent Installation X
Collar
j. Tachomete: Indicators Fail--Moistute Corresion Vertical Tape in Sesled Vertical Tape in Sealed
Module X| Module X
k. Cargo Wiach Brake Bticke--Nyd Fluid on Discs No Cargo Winch Installed X Winch Pneumatics.’y
Opersted x
RS
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TARLE
fudieed Unvironmental Factot |
And Frobler Deacription
— e —
Component Faylure Mode/Cause
= a - o —

Dart Cantamir st ot
a. Bearingst
thy dod fnd Bearings Worne=Contaminated by Dust

(21 Main Tronsmission 01l Cooler Valley Bearing
worn

(3 Piteh Link Bearings, Main Rotor Worne=
vontamination '

45 F toh papk Besrinas, Tarl Rotur Worne--
Lortaminat iun

() Sergeors b Sleeve Plain Bearings Worn

161 B Llorny Boarings Scerie==Corrodion

T T4ty Rotor Corra] fworings Roughes
Uontaranation,
#) Tail Rotor Manger bearing Faglse-
(ST TR R
I Tail hotor Jrunniun Bearin s Wornes
Countaminar jarn
(i Sleeve Hearing, Swatdplate support Worn--
tamgnat ion
v Mearir g, Tiler Lever Worpss
‘oRtarinakion
Y. Seals:
. Uppees B v Actaarar Soal Falle e Cruses
Leaks
(21 Rotor Hul, Pitch Hoasing lhooard Seal
Leaks==Urntarination
1) APP Clutch Besring seal Deterjcratesss
Contarination
4) Main Rotor Spindle & Sleeve Geal Leaks=e
Contamination
15} Tail Rotor Spindle & Sleeve Seal Leaka-«
Contarination
‘6 Serve Uylinder Seal Failw=-lontarination

{7+ %Nain HRotor Grip Seal Faslé=-Contamination
& Dirt Ertors Bearing

~. Cibles wear at Pulley, Tail Not . Jontrol-eDirt
and Grit

d. Yaun Rotor Lynami~ Druop Jtop Srgorges f
Contamination

. Geterator Hearing, Hrash s Ship ding Wear

D, CLEANLNG MATERIAL & THOHNI QRS 1}

-

1.

MECHANICAL SHOCK OF LANDING AND CGUST LOADS

wWinishields |
scratehed by ivproper Washunj=-Tleaning Methods

Mrframe

a. tlectrical Panels & Anternas (Lower Fusslase’ !
Corrode==tormture .

b. bunded Honeycord Panels Ueteriorates=pressure
s Ltean Wash

¢. UC VYoltage Regalator I[noperatives=-Washing
Technigue

1. Rarmp ilinge Fitting Corrades-<Fl.i:s & Debris

Control System Bearings
Walking=Beam Bearings Corrode=--Water

Lnygine

a, Compressor Discs Corrode==-Cleaning
Agent 1T-53-L=13)

b, Inlet Housings Corrode--Water Collection

. Plastic Linings Erodee==Cleaning Agent (T-6) Lny)

1.
2.

ANIMAL FIJUIDS, SECRETION, ETC.

Rotor Blade/FuBclage Contact==Gusty, Downwash |

Structural Damage l
Fuel Pod Attaching Fittings Cracke-llard
Landings '

AIRCRAFT TRANSPORT

1.

Corrosive Effects
a. Fuselage Skin and Frames Corrode

b. Fuselaye Flooriny Corrodes

Protection Frum Elviwnts

a, Airframe Corrousion==5ea Trandport Cacoon
Inadeguate

b. Main Transmission Contamination Water-=Air
Transport Temp Extremes

Vibratory Load Damage
Airframe Damaged--lLand Transport

IX = tontinaed

Hext=Oeneratjon Army Heliopters

Ltilaty/Axsault iwavy Laft

T - =
113
\Problen|
Antici=|
Desi e Approach Tpated Buemian Approach
e
Iyen [ o]
— ———s X
)
Larger Bearingsa, Tellon Larqgur Bearinge, Teflon
Seals X' Seals
Mot Applicable, Inteqral (ot Applicable, Intearal
Lubricaiion X Lubtseation
Improved TFE Bearings X! Improved TFL Bearings
Improved TFE Bearinus X Improved TFE Bedrings
Ho Equivalernt Installation o Lquivalont Installation
Aluminum Bellcranks, %ot App Licable==Fly Ly dire
Holler Bearingy X
Tail Rator Hearing Yot No Ljuivalent Installstion
Lxponod
Tail kotor Rearaing Yot 40 Equivalent Installstion
Exposed X
Not Applicalle=--Flex Strap X Yo Ejquivalent natallatacn
tio Fpuivalere Inarallatien X Mo Fquivalent instali.'ian
Seaiet Rollindael lerent Not Aptlicabie--Fly by wire
bBearirgs X
Piston Roda, O=Ring, Sceraper) Louble Seais Used
Corbination X
Dust Lip on Seal, Ditfere tot Applicablees i
ertial Pressire X Llastomeric Bearings A
Clatch Hearinjy Scaled APP 1n Sealed Compartrent
Uuast Lip on Seal, Differ=- Not Applicable~e
ential Pressure X Liastomeric beatring x
Yot Appli rable-<Flex u*rap X No Tqaivalent Irstailativn,

Piston Rel, OeRing, scraper! Doubie Seals Used
Combinstion X i
Uust Li- or Seal, Differ=- | l i:lm Aprlicables-
entl ] Pressure and Hub tlastomeric Rearin gy X
T.ser Uscd

sot Applicable==4u Cables tiot Applicables-to cabizs

Used X Used

‘ot Applicabloe-=R1 i Spring=Loaded Collsr X
Rotor System X,

Brushless, U1l Cooled, i ‘nnshlon, 011 Crolad,
Lubed Dearings ! ; x’ Labe ) Bearinue

Lavinared Windshield, n;lal,

' Duter ply

x] Drainage Proviaed

Laminated Windahield, Glass
rater Ply X

Drat=wpe Frovided

Protection Against
proper Washing Provedare X

Lo trotection Agsinst Ine
§roper Washing Procedure X

ha frotection AJainst Ime No Frotection Against Im-
p.oper Washing Procedure X proper washing Procedure X
%o Frasvalent Installation | X|No fguivalent Iustallation
Bearings have Teflorn Seals X[ Not Appiicabvle=<Fly by Wire
Inteqral Wash Manifold Integral Wash Manifold
Limits ir cedures and Limits I'rocedures and ‘
Materials x|  Matenials
Titaniurm Case, Steel wuign Not Finalized -
V-Band X
No Protect.on Against Im- X %o Protection Against Im= X
proper washang Frocedure proper Washing Procedurs
Riy1 1 Rotor System X/ Centrifugal Druop Stops :
|
Landing Gear Absorbs shock Crashworthy Fuel Syster
Up to 42 fps Hate of
Descent X
Corrosion Preventive o Equivalent Condition
Coatings X
Fiberglass Covered tomex No Fquivalent
Core X| Confiouration
Not Required by salt Air Protective
Specification - - Coat.nygs
Sealed Shipping Containers X[ %o Production Design
to Date -
Landing Gear Tires & Shock Not Applicable to Land
Strut X| Transport

Reproduced from
best available copy.
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a, Facrnr

Environment
raption

i Frobier

Fa.late Mole Cause

orej==R lerts

Ratar Altimeter wiring shorte=rSrmoke (o Jotept

cRe 1

Converter sShort cgased spoke in Juosjit

Smoke 1n

Sagr, Lirt, Lebris biow 1nto COCKRIT ¢ @ Cat.l

Wc Ram Air, Fan Etc., for Covkpit loclin:

Pylon Fire in Flight==Cause Unleterrined

inas-=Fire

Yugine Transmission Speed il into Enqine

H#yd Cocler Fan Creatns Draft Eraire o Al

[
1 HERETLE T IS
T OURNAL MIRFLOW DPATTE LS
b Reoorse Foowo oo, ook
1.
b, Sereraror Fallio Cassed Fure
Cocky .t
1. APC 5% diower Motor Fasled
“o
W, Josait3 s Ventilating
95 *1al Fire Hazard
a.
b, Eing3 e Cross shaft Fair
*.t Pylon
Ce
Starting Fire

tiidty Assaal’

besyat Approach

Rdnnts

Pilot warninag Syster

i:lct Warning Eyster

Lrgire Sealed fror
Transrission

f.ikneads Separace Jooling
Fan s Pamp from Erjine’
Trawsrissi n
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TABLE X. EFFECT OF INDUCED ENVIRONMENT ON NEW DESIGNS
Effec*
Induced Environmental Factor/Problem Less | Same | More Rationale
A. Aircraft Operating Fluids
1, Composite Structures x Higher percent composites
2. Rubber/Elastomer Compo:.ents x Higher percent elastomers
3. Metal Structures X Improved materials and state of
the art
4. Bearings x Improved materials and state of
the art
5. Seals x Improved materials and state of
the art
6. Switches x Better specifications
7. Cables x Fewer cables in use
8. Decals and Identificaiicn Tapes x Better protection procedures
and improved tapes
B. Internal Airflow Patterns
1. Cockpit Contamination x Air conditioning requirements
2, Potential Fire Hazards x Insufficient data for decision
C. Temperaturc¢ or Thermal Shock
1, Electrical/Electronics Compartrent X Improved specifications and
solid-state design
2. Engine Compartment x Higher power and temperature
but better materials
3. Seals x Improved materials
D. Cleaning Materials and Technigques
1. Windshields X Glass surface reduces scratch
potential
2. Airframe x Maintenance requirement subject
to personnel limitations
3. Engines X Integral wash manifolds
E. Mechanical Shock/Landing, Gust Loads x Improved Ldg Gear & Rotor Design
F. Animal Fluids x Limited to cargo modules or
medevac missions
G. Aircraft Transport X Larger transport aircraft reduce
disassembly requirements and
damage potential
H. Rodent Damage x Affects aircraft with ramps only
I. Ozone Generated by Helicopter x No problem indicated
Sunlight/Pollution Effect x | Elastomeric bzarings
Total 15 4 3
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Problems are classified as having no change in effect

either because there is an equal trade-off of good and
bad conditions, as in the engine compartment heat prob-
lem, or because there is insufficient data for a clear
cut decision, as in the cas: ©of potential fire hazards.

The few factors which are anticipated to have a greater
effect than in the past are those involving relatively
unknown effects such as ozone/sunlight and fluids on
the elastomeric applications coming into wider use.

To date there is no available protective material which
will prevent ozone or sunlight from making rubber
brittle without inherent detrimental effect, and there
is little or no data from test or experience to enable
valid reliability prediction.

Composite structures have proven their value in
strength/weight tests and will receive much wider
application in next-generation helicopters. While the
greater use of composites may contribute to the reduced
effect of fluids on metal structures, it will certainly
present the potential for more significant composite
structure deterioration than that experienced to date
from various fluid effects. Even improved materials
and processes in composite manufacture may be inado-
quate to offset the greater potential for operational
and maintenance damage which leaves the composite
structure susceptible to fluid incursion.
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DOCUMENTATLIUN RiV.ibw

This section presents the philosophy, criteria, and resuits
of the analysis of military specifications pertaining to the
helicopter systems, components, and procedures affected by
induced environmental factors. The pertinent documents were
identified for those items prioritized in categories A and B,
which represent mission-affecting and generic or high-
frequency failure rate problems. They were reviewed and
assessed with primary concern for deficiencies which could
adversely affect safety, reliability, or maintainability as
a result of ignorance of or inattention to the induced en-
vironmental factors in design and test requirements.

DOCUMENT DEFICIENCY CRITERIA

The criteria used to identify deficiencies in these documents
were established by analyzing and defining the specific re-
quirements that must be considered by the designer to meet or
exceed the operational parameters of U.S. Army helicopters.

The two general areas in which criteria for induced environ-
ment, safety, reliability, and maintainability are of para-
mount concern are design requirements and test requirements
(qualification and demonstration). All documents were re-
viewed against both of these guidelines unless one or the
other was not applicahle; in the féw cases where one require-
ment was inapplicable, it was so noted.

General Philosophy

Review of the following paragraphs will reveal repeated use
of the term system specification as applied in review criteria
and throughout the document revision recommendations. The
reason for this is that the system specification is the pro-
curing agency's initial definitive specification for the
specific weapon system, which subsequently becomes the con-
tractually binding development specification. Subordinate
specifications must be adequate to support the system specifi-
cation, but not restrict it in any manner since it is the

sole vehicle for identification of the operational performance
and R&M requirements (which cictate the design and test
philosophies) for the weapon system. The system specification
must invoke appropriate and necessary subsystem and component
specifications to assure that basic requirements are met; but
at the same time it must stipulate the special requirements
of the particular weapon system, which may then limit, expand,
or otherwise modify the supporting specifications.
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.av guneral philosophy of the document reviews prescuted in
this study is to support the above concept by clarifying when-
e¢ver possible the often confusing terms used to identify sgec-
ifications. Specifications are classified and defined in
MIL-STD-490.

Design Requirements

The specific criteria used to analyze each document relative
to design requirements are as follows:

SCOEG

The scope of the specification must provide the desiigner
with the types of applications for which the system,
equipment, or component is intended. For example, if tuLe
specification is intended to apply only to ground-based
applications, the specified operational limitations and
design requirements may be inadequate for helicopters.
This could result in the premature failure of the compo-
nent because its operational parameters have been exceeded
by use in the helicopter environment. On the other hand,
if the specification is intended for missile application,
the design requirements may impose more than adequate re-
liability demands, but the maintenance considerations may
be inappropriate for Army field use.

Performance

As with the scope, design and test requirements must
ensure that the operational requirements of the Army are
considered by the designer. Listing of arbitrary perform-
ance parameters is not adequate unless these parameters
are consistent with the overall operation and maintenance
requirements as defined in the system specification. A
component or subsystem can be built to meet or exceed the
specification performance requirements and fail to meet
the operational reliability or maintainability require-
ments.

Environmental Conditions

Stresses such as thermal shock, soil particle abrasion, and
moisture corrosion resulting from induced as well as natural
environmental factors can cause malfunctions or failures

unless they are considered in detail design. The environ-
mental conditions in which the system will function must be
well defined in system or development specifications (re-
flecting natural or induced origin), but this distinction

in subordinate military specifications would be too detailed
and possibly restrictive. Detail design requirements must
reflect environmental conditions from the system specification.
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Safety

Safety is mandatory with respect to personnel and equip-
ment. Equipment designed without consideration for the
safety of the operator, maintenance personnel, and other
components of the subsystem or related subsystems could
adversely affect the availability, reliability, or main-
tainability of the system. Poor safety features may
necessitate increased precautions during maintenance,
thus leading to lower availability. Safety requirements
are to be implemented in accordance with MIL-STD-882 and
the system specification.

Reliability

Detailed component reliability requirements specified
quantitatively in mean time between failures (MTBF) are
considered to be as inadequate as no requirement at all.
An adequate reliability requirement must be integrated
with all other components and systems and based on the
projected mission requirements of the helicopter as de-
fined in the system specification. Items designed to an
isolated MTBF value stated in a military specification
may adversely affect the overall helicopter or system
reliability unless they are recognized as part of an
overall reliability program to be implemented in accord-
ance with MIL-STD-785 and the system specification.

Maintainability

Maintainability requirements must be stated with reference
to the overall helicopter or system availability require-
ments. Consideration must also be given to U.S. Army
maintenance concepts, procedures, and practices. If these
parameters are not considered in the overall maintainabil-
ity plan per MIL-STD-470 and the system specification, the
item may not be compatible with the Army system and the
helicopter availability and maintenance rates may be
adversely affected.

Qualification Test Requirements

The criteria used in the analysis of documents for testing
requirements are as follows:

Qualification Test Plan

A qualification test plan is required to ensure that the
component meets or exceeds the design requirements imposed
by the system and detail design specifications.
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Environmental Testing

The equipment should be adequately tested in its intended
environment in accordance with the procedures delineated
in MIL-STD-810 or MIL-STD-202 and the system specification.
Effective simulation of the environmental conditions (such
as temperature, 3and, and moisture) while operating the
component through a representative number of cycles should
help to identify inherent design weaknesses prior to
production.

Flight Test

Major subsystems and components, such as flight control
servocylinders, should undergo testing that is represent-
ative of combined flight and environmental conditions to
ensure that the system will not fail due to inadequate
design for mission requirements.

Service Test

Service testinyg is a requirement that should be imposed
at the system and major component level. This test should
include reliability and maintainability demonstrations de-
signed to identify system components that may require
maintenance procedures different from those delineated in
AR 750-1, ARMY MATERIAL MAINTENANCE CONCEPTS AND POLICIES,
dated May 1972, or the system specification.

Documentation Gaps

A document deficiency is considered to exist in any instance
where a generic class of equipment is not covered by appro-
priate specifications or standards defining design or test
requirements.

DOCUMENT ANALYSIS AND CLASSIFICATION

The documents applicable to the nine problem areas prioritized
as categories A and B were analyzed using the criteria and
philosophy described on the preceding pages. The determining
factor for selection of applicable documents was the hardware
item, its configuration, its application, and its relationship
to a system or subsystem. The only deviation from this ap-
proach was the review of fire hazards and air contamination,
where documentation included design guides and specifications
for measuring and controlling air contaminants in addition to
certain related hardware definitions.

The full range of documents from system to detail part level
as applicable to each particular problem item was reviewed for
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@S 5. e i at uwes cochitbe  BOr example, e Hgvu
bearina wes Ane to onfumination or corrosion nnrﬁt\a_

lbv1ew ~t 17 documents rang? -ng. from de51gn, 1n)ta11-f.
a varlety of applicable pearing conflguratlon

Each document was reviewed and coded in one of\ghe
classifications: o TR

@ Class A--Adequate: The document meets ‘the.
criteria in its present form, and there
mendations for revision. e o4

® Class B--Inadequate: The document doeu quvmﬂgpuu,
established criteria in its present form; and e
recommendaticns are made for rev1510n« tu cctz?p
inadequacy. SR

e Class C--Not Applicable: The document hu‘“ﬁg'

celed, superseded, or is not appllcable r'
purpose to the equipment involved. :

DOCUMENT REVIEW SUMMARY

As previously noted, the priority for document. revieqm_
on the relative significance of system or component: ‘fadd
rates or on ti.c effect of the mission on the hellcoggax,ﬂ o
These top priority problem items and the ngmber AL '}mss;~m§
cation of their related documents are summarized Takeke Y“@
The detailed document reviews are contained ir Apggﬂd%;a& T
through III, which are seguenced according to the“prﬁxAty of =
the induced environmental factors; they the efore. dminag*”
tain the same sequential relationship as the- prﬁhi@mf
Table XI lists the problems and the appendlxx
contained.
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s

ready reference for document appllcatlon, Tabi
documents in numerical order, sequenced accorg
in Append.x Vi. Their appllcablllty is shown'i
code entry for each document in the approprlat
group column.,

~

mk‘" 4 lf*z

g

n'( l‘u b %
N

CRES

The document review revealed no det1c1encxes wh
adequately resolved by revisions.
recommendations for new documents.
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TABLE X1. LOCUMENI RLVLLW bm.uQu

PP, PR e e cemm e

)
}
Number of ‘
Documents |[Rating Code¥*
Problem Reviewed | A| B C |Appendix
o Ao~
?ire Hazards 8 5 3 II (A7)
Cockpit Air 6 5 1 II (B)
‘Contamination
Bearings A
Seals 20 4 114 2 I (A-2)
Airframe Corrosion 8 8 0 I (B-1)
1 [ T
{ Electronic Compartment 15 5110 111
Decal and Identification 18 2 9 7 I (C)
Tape
Control Cables 10 5 5 I (A-3)
Switch Corrosion 13 3110 I (B-2)
Total Reviews** 115 37 166 |12
Total Documents 91 27 } 52 |12

| *a--Adequate B--Inadequate C--Not Applicabl«
1**Total numbers shown are higher than actual number of docu-
} ments reviewed since some are applicable to more than one
problem; see document application chart, Table XII.

To clarlfy the relationship between the priority of significant
‘individual problems and the priority of the related induced
s gnvironmental factors, Table XIII presents this structure as
wit appears in Appendixes I through V.
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TABLE XTI. DOCUMENT APPLICATION AND RATING SUMMARY*
Appendix Number
_%group Letter)
Document I I I I I 1 IT I1 I11
Number (A-1)| (A=2)|(A=3) [(B=1)(B=-2)| (C) | (A) | (B)
1l MIL-W=-1511 B
2 MIL-S5-3786 B
3 MIL-S-3950 B
4 MIL-B-399) B
5 MIL=-S-5002 A
6 MIL-S-5049 B
7 MIL-W-5088 B
8 MIL-E-5272 C
9 MIL-E-5400 B B B
{10 MIL-T-5422 A A
11 MIL-B=-5423 B
12 MIL-W=-5424 B
18 MIL-H-5440 B
14 MIL-C-5503 B
15 MIL-G-5514 A
16 MIL-P-5516 A
17 MIL-P-5518 B
18 MIL-T-5522 B
19 MIL-B-5628 C
20 MIL-B-5629 C
21 MIL-B-5687 B
22 MIL-T=-5955 B
23 MIL-B-6038 B
24 MIL-B-6039 B
25 MIL-W=-6729 A
26 MIL-S-6807 B
27 MIL-E-7080 B B B
28 MIL-F=-7179 A A
29 MIL-C-7439 A
39 MIL-R-7575 A .
MIL-F-7872 B
32 MIL-B-7949 B
33 MIL-P-8564 B
34 MIL-D-8634 C
35 MIL-D-8635 C
36 MIL-T-8679 B
37 MIL-I-8700 B B B
38 MIL-H-8775 B
39 MIL-R-8791 A
40 MIL-S-8805 B
*A--Adequate B--Inadequate C--Not Applicable
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TABLE XII - Continued

Appendix Number
Group Letter)
Documen< | L I I 1 I ] II II II1
Number (A~-1)| (A=2)|(A=~3){ (B=1)] (B-2)| (C) (A)| (B)

41 MIL-H-8890 Cc

42 MIL-H-8891 C

43 MIL-B-8942 B

44 MIL-B-8948 B

45 MIL-R-9300 A

46 MIL-S§-9395 B

47 MIL-F=9490 B B A

48 MIL-T-9906 A
49 MIL-C-11796 A

50 MIL-C-16173 A

1 MII-C-18244 B

2 MIL-F-18264 A

3 MIL-H=-18325 B

4 MIL-F-18372 B B

5 MIL-C-18375 T

6 MIL-T-18606 A

7 MIL-E-22285 B

8 MIL-T-23103 A
9 MIL-F-23447 B

0 MIL-P=-25732 A

1  MIL-P- ~ B

2 MIL-M-43719 B

3 MIL-B-81819 B

4 MIL-B-81820 B

5 MIL-STD-108 A
66 MIL=-STD=-202 A A
6, MIL-STD-454 B B B
68 MIL~STD-681 C
69 MIL-STD-800 A
70 MIL-STD-810 B B

71 MIL-STD-882 A A

72 MIL-STD-1132 A

73 MIL-STD-1247 A
74 L-T-90 C

75 L=-T7-99 Cc

76 L-T-100 B

77 FF-B-185 B

78 PPP-T=-60 o

79 PPP-T-66 Cc

80 MIL-HDBK-221 A
A--Adequate B-~-Inadequate C--Not Applicable
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TABIE XIT

- Continued

Appendix Number
(Group Letter)
Document I I I I I I |II | II|III
Number (A-1) |(A=2) |(A=3) | (B~-1) [(B=2)] (C) | (A) | (B)
81 TM55-1500~204-25/1 A A B
82 AMCP 706-203 B B B A A A
83 AFSC DH1~-X A
84 AFSC DH1-6 A
85 SCL-I-0019 B
86 SCL-I-0020 B
87 SCL-I-0053 B
88 SCL-T-0019 B
89 SCL-T-0020 B
90 SCL-T-0053 B
91 USAF Spec
Bulletin 526a A
Total 17 20 10 8 13 |18 | 8 6 |15
A--Adequate B--Inadequate C--Not Applicable
38
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TABLE XIII. PROBLEM PRIORITY AND WEIGHT =r " s

Appendix Weight Foctor
I. Aircraft Operating Fluids (153)
A. Dirt Contamination/Wear
l. Bearings 40
2. Seals 25
3. Control Cables 9
B. Corrosion (Metal)
1. Airrcrame 13
2. Switches 8
C. Deterioration (Nonmetal)
1. Plecals and Identification Tapes 11
2. Seals (Reviewed in I A-2) 12
II1. Internal Airflow Patterns (113)
A. Potential Fire Hazards 60
B. Cockpit Air Contamination 51
III. Temperature or Thermal Shock (20)
Electrical/Electronic Compartment 16
Iv. Cleaning Materials and Techniques (15)
A. Airframe Corrosion (Reviewed in I B-1) 5
B. Windshields (Reviewed in I B-1) 5
C. Engines (Reviewed in I B-1) 4
V. Animal Fluids and Secretions (4)
Corrosive Effects (Reviewed in I B-1l) 4

In most cases, the individual problem weight factors do not
add up to the total shown for each parent induced environ-
mental factor because the low-priority items are not included

in the document review.

Further, detailed document reviews

are contained only in Appendixes I, II, and III, since the
individual problems of Appendixes IV and V are covered in the
appropriate documents of Appendix I as noted.
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CONCLUSIONS

The following conclusions were reached as a result of this
study:

1.

The induced environmental factors defined in this study are
quantitatively shown to contribute approximately 5 percent
of the total aircraft component failure rate. However, two
data deficiencies found in this study point to the probabil-
ity that this contribution could be significantly higher:

e Data shortcomings often make it necessary to exclude cer-
tain failures for lack of qualitative causal information.

e The very nature of some environmental conditions makes
it difficult to distinguish between natural and induced
causal factors, again requiring exclusion of failures
due to lack of positive causal identification.

Assessment of the reported failures which were excluded
because of these data deficiencies indicates that they
comprise a quantitative total rate which could be as large
as that which is identified with induced environmental
causes. Thus the actual contribution of the induced en-
vironment is at least 10 percent of the total aircraft
failure rate.

Four of the nine induced environmental factors studied are
responsible for 95 percent of the induced environmental
failures. One of the four, aircraft operating fluids,
accounts for 76 percent of the induced environmental fail-
ures; and its major subgroup, soil particle contamination,
represents 40 percent of all induced environmental failures.

On the basis of the study of two next-generation helicopters
currently in the design stages, the effects of induced en-
vironment are expected to be generally less significant in
approximately 68 percent of the problem areas, while 14 per-
cent have the potential for greater effect. State-of-the-art
advances in design concepts, materials, and manufacturing
processes are largely responsible for those improvements.
However, more comprehensive and definitive system and devel-
opment specifications are also instrumental in assuring that
quantitative and qualitative R&M requirements are identified
within the framework of anticipated environmental conditions.

Approximately two-thirds of the pertinent Military or Govern-
ment product and detail specifications, standards, and
design guides reviewed in this study are deficient to some
degree in design, installation, or test requirements when
measured against criteria as defined in this analysis.
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Recommendations for revision of the deficient documents

are presented even though the induced environmental factors
defined in this study showed marginally significant effects
on the aircraft failure rate. The document revisions en-
compass all environmental effects which were shown early

in this report to include additional induced factors not
studied herein (see Figure 1), as well as the entire spec-
trum of natural environmental factors. Certain of these
factors, such as vibration, temp2rature, and moisture, have
been shown in recent studies to have highly significant R&l
effects."’ 3 Considering the collective environmental
effect, the document revisions as recommended in Appendixes
I, II, and III are considered justified.

The document review revealed no deficiencies which could
not be adequately resolved by revisions; therefore, there
are no recommendations for new documents.

Apart from the problem of adequate design and test criteria
in specifications, standards, and design guides, there are
several other significant aspects of the specification sys-
tem which are not conducive to effective application:

® No distinct or recognizable tree structure;

e Many redundant and conflicting Army, Navy, and USAF
documents;

® Specification content or application is not clearly
identified by an orderly title or numbering system;
and

e Specifications proliferate at such a rapid rate as to
form a vast maze too complex for the average designer
to penetrate,

Design guides present a possible solution to some of these
problems. The identification of preferred specifications
and a system-oriented tree structure could be a valuable
function of such guides as the Army Engineering Design Hand-
book series (AMCP 706-200). This three-part series presents
a concept for technical guidance of helicopter designers.
Parts One and Two, covering preliminary and detail design,
are as yet unreleased and could not be evaluated. Part
three, QUALIFICATION ASSURANCE, has minor deficiencies as
defined in this study. These deficiencies may be represent-
ative of a major problem not yet fully recognized, the need
for an effective revision system., The document however is
considered to be comprehensive in content and effective in
its intended purpose, the establishment of airworthiness
requirement guidelines.
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While adequate up-to-date design guides, specifications,
and standards are essential in the helicopter design and
test process, they alone cannot solve the problem of in-
adequate consideration of environmental effects. Two
additional factors are considered significant in the over-
all design process:

e The level of technical knowledge of environmental
stresses and effects, and

e The requirement for design trade-offs against such
inevitably competing factors as cost, schedule, weight,
and performrznce.

The quantitative influence of these factors is not clear,

and further study is required to understand their full
significance.
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RECOMMENDATIONS

The foregoing conclusions suggest several areas for further
action:

L.

2.

The 52 documents classified as deficient should be revised
as recommended in Appendixes I, II, and III.

Volumes I and II (AMCP 706-201 and -202) of the U.S. Army
Engineering Design Handbook series should be released as
soon as possible. A system for revision of these documents
should be dev2loped in order to assure that they can be
kept up to date and permit ready incorporation of addi-
tional material.

Army R&D efforts should continue to be directed toward a
more comprehensive qualitative and quantitative understand-
ing of environmental stresses both natural and induced.
Serious consideration should be given to consolidating this
knowledge in a specialized environmental design guide which
would provide design and test personnel with the following:

@ A single source of data to aid the designer in
recognizing and understanding the effects of
environmental conditions on the performance of
his equipment,

@ Detailed knowledge of environmental stresses such
that design allowables can be established and tests
planned to verify adequate reliability and safety
margins, and

e Organized reference to appropriate Government speci-
fications and standards.

Procuring agencies should continue to emphasize environ-
mental requirements by providing better definition in system
and development specifications. Waivers or deviations should
be avoided unless there is positive indication that R&M will
not be degraded.

Army R&D efforts should be directed toward a study of the
problem of design trade-offs and their significance in the
army aircraft development design process.
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GLOSSARY

DEFINITION OF TERMS

AVAILABILITY--A measure of the degree to which an item is in
the operable and committable state at the start of the mission
when the mission is called for at an unknown (random) point in
time

NDEMONSTRATED--That which has been proven by the use »f con-
crete evidence gathered under specified conditions

FAILURE--The inability of an item to perform within previously
specified limits

FAILURE RATE--The number of failures of an item per unit mea-
sure of life (cycles, time, miles, events, etc., as applicable
for the item)

INHERENT-=-Achievable under ideal conditions, generally derived
by analysis, aand potentially present in the design

MAINTAINABILITY-=-A characteristic of design and installation
which is expressed as the probability that an item will be re-
tained in or restored to a specified condition within a given
period of time, when the maintenance is performed in accord-
ance with prescribed procedures and resources

MAINTENANCE--All actions necessary for retaining an item in
or restoring it to a specified condition

MAINTENANCE MAN-HOURS PER FLIGHT HOUR--The number of mainte-
nance hours expended per flight hour to keep the helicopter
flying

MEAN TIME BETWEEN FAILURES (MTBF)--For a particular interval,
the total functioning life of a population of an item divided
by the total number of failures within the population during
the measurement interval; the definition holds for time,
cycles, miles, events, or other measures of life units.

MEAN TIME TO REPAIR (MTTR)--The total corrective maintenance
time divided by the total number of corrective maintenance
actions during a given period of time

RELIABILITY--The probability that an item will perform its
intended function for a specified interval under stated con-
ditions

SAFETY--The conservation of human life and its effectiveness,
and the prevention of damage to items, consistent with mission
requirements
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DEFINITION OF SPECIFICATIONS

SPECIFICATION--A document intended primarily for use in pro-
curement, which clearly and accurately describes the essential
technical requirements for items, materials or services in-
cluding the procedures by which it will be determined that the
requirements have been met. (DOD Directive 4120.3)

GENERAL SPECIFICATION--A document which covers the requirements
common to different types, classes, grades and/or styles of
items cr services

DETAIL SPECIFICATION--A document which covers (either within
itself or by referencing and supplementing a general specifi-
cation) the complete requirements for only one type of item,
or for a limited number of types, classes, etc., of similar
characteristics

SYSTEM SPECIFICATION--A document which states the technical
and mission requirements for a system as an entity, allocates
requirements to functional areas (or configuration items),
and defines the interfaces between or among the functional
areas

DEVELOPMENT SPECIFICATION--A document applicable to an item
below the system level which states performance, interface and
other technical requirements in sufficient detail to permit
design, engineering for service use, and evaluation.

PRODUCT SPECIFICATION--A document applicable to a production
item below the system level which states item characteristics
in a manner suitable for procurement, production and acceptance.
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AIRCRAFT OPERATING FLULUS

DIRT CONTAMINATION AND WEAR

Bearings GROUP: A-1

PROBLEM: Contamination and wear of bearing

TABLE XIV. SPECIFICATION REVIEW SUMMARY--BEARINGS

Specification Adequacy*
Number Title A B C
] MIL-F-9490C General Specification for Design, x
(USAF) Installation, and Test of Piloted
9 Mar 66 Aircraft Flight Control Systems
72 MIL-F-18372 General Specification for Design, X
(AER) Installation, and Test of Aircraft
31 Mar 55 Flight Control Systems
3 MIL-B-5628 Airframe Plain Bearings X
26 Jul 51
4 MIL-B-5629 Airframe Plain Rod-End AN943, X

28 Feb 50 AN947, and AN949 Bearings

5 MIL-B-8942 Self-Aligning TFE-Lined Plain

(ASG) Bearings (-65°F to +250°F) X
14 Aug 67
§ MIL-B-8948A Self-Aligning TFE-Lined Rod- X

30 Nov 72 End Plain Bearings
(-65°F to +250°F)

/ MIL-B-81819 High-Speed Self-Aligning Self- X
(Proposed) Lubricating Plain Bearings
Draft 4 (-65° to +160°F)
Oct 73

8§ MIL-B-81820A Low-Speed Self-Aligning Self- X
31 Mar 72 Lubricating Plain Bearings

(~65° to +325°F)

9 MIL-B-6038A Airframe Antifriction Bellcrank X
28 Mar 61 Ball Bearings

*A--Adequate  B--lnadequate C--Not Applicable
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TABLE XIV - Continued

Specification
Number Title
10 MIL-B~-6039C
7 Jul 71
Bearings
11 MIL-B-7949D Airframe Antifriction Ball
8 Dec 71 Bearings
12 MIL-3-3990B Airframe Antifriction Needle;»
11 Dec 68 Roller Bearings
Pl Lo
13 MIL-B-5687C Oil-Impregnated Sintered Metajs
12 Jun 62 Powder Sleeve Bearings and ' .«
Thrust Washers j
14 FF-B-185 Cylindrical Roller Bearings an&ui
26 Dec 63 Self-Aligning Roller Eearlngu L
15 AMCP 706-203 Engineering Design Handbock
Apr 72 Helicopter Engineering,: Pax%
Three, Qualification BAss; ralvv
16 MIL-E-5272C General Spec1f1catlon fo
(ASG)
22 Jan 71
17
21 Sep 70 Method 510, Dust

*A--Adequate

B--Inadequate C--Not Appr
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“*ﬁ e S%7 NUMBER: MIL-F-9490C (USAF) (9 Mar 66)
g L Foe b r
o g < e

1

;;gTVEhi _{EﬂiTlTLE: General Specification for Design, B--Inadequate
?_ﬁ_-*é.j-__.a%‘r,k- "ot AR Installation, and Test of Piloted
G Tk - L T Aircraft Flight Control Systems

J%r

EVALUATION CUMMENTS

control systems for USAF piloted aircraft. The following
deficiencies exist:

. DESIGN REQUIREMENTS
:;‘bPApplicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: Requirements inadequately specifiea
Safety: Requirement inadequately specified

% Reliability: Requirement inadequately specified

‘Maintainability: No requirement specified

“Bearings: TFE-lined spherical bearings not specified

%

TEST REQUIREMENTS

Reliability: Demonstration requirements specified in para-
graph 4.1.3.2 per MIL-R-26667 apply only to

] electronic equipment

. »:Maintainability: No demonstration requirement specified

 %ﬂRECOMMENDATIONS FOR DESIGN REQUIREMENTS

. Paragraph 2.l--Under Specifications, Military, add:

MIL-B-8942 Bearings, Plain, TFE-Lined, Self-Aligning

MIL-B-8948 Bearings, Plain, Rod End, TFE-Lined,
Self-Aligning

" .. paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-882 System Safety Program for Systems

and Associated Subsystems and
Equipment, Requirements for

49
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Paragraph 3.2.1l.l1--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
virormental conditions specified in the system
specification of the procuring agency.

Paragraph 3.2,.,6.1--Delete the existing paragraph and add the
following:

Safety. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of inrstallation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and opera-
ting instructions. Provisions shall be made to
prevent personnel from being accidentally subjected
to injurious voltages or current, pressures, tempera-
tures, or movements of components. Safety require-
ments shall be in accordance with MIL-STD-882.

Paragraph 3.l--Delete the last sentence and replace it with
the following:

Reliability. Reliability requirements shall be in
accordance with MIL-STD-785, and as specified in the
system specification.

Paragraph 3.2.6--Add the following to the existing paragraph:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equipment
shall meet the requirements of MIL-STD-470.

Paragraph 3.3.2.2--Add the following to the existing paragraph:

Spherical Bearings. Self-lubricating spherical bear-
ings shall conform to MIL-B-8942 or MIL-B-8948.
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RECUMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.1.3.2--Delete the existing paragraph and add the
ollowing:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system spec-
ification.

Acceptanc2 Criteria. Quantitative reliability and
maintainability requirements in terms of failure
rate, downtime, and maintenance man-hours as estab-
lished in the test plan must be met or exceeded for
acceptance.
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NUMBER: MIL-F-18372 (Aer) (31 Mar 55) 2
TITLE: General Specification For Design, B--Inadequate
Installation, and Test of Aircraft
Flight Control Systems

EVALUATION COMMENTS

This specification covers general requirements for design, in-
stallation, and test of flight control systems for all types
of piloted aircraft contracted for by the U.S. Navy. It is
also identified as a controlling specification for U.S. Army
helicopters ir AMCP 706-203. The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: No Requirements specified

Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

Bearings: TFE-lined spherical bearings not specified

TEST REQUIREMENTS

Environmental: No Requirements specified

Reliability and Maintainability: No demonstration require-
nents specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Specifications, Military, add:

MIL-B-8942 Bearings, Plain, TFE-Lined, Self-Aligning

MIL-B-8948 Bearings, Plain, Rod-End, TFE-Lined,
Self-Aligning

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL~-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systems
and Associated Subsystems and
Equipment, Requirements For
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Paragraph 3.1.1.1.3--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.

Paragraph 3.1.1.1.4--Add the following:

Safety. Systems and components shall be designed to
provide a waximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and operating
instructions. Provisions shall be made to prevent
personnel from being accidentally subjected to in-
jurious voltages or current, pressures, temperatures
or movements of components. Safety requirements
shall be in accordance with MIL-STD-882.

Paragraph 3.1.1.1.5--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary to
achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as reliability
is not adversely affected. Reliability requirements
shall be in accordance with MIL-STD-785, and as
specified in the system specification.

Paragraph 3.1.1.1.6--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availability.
The item shall be capable of disassembly, reassembly,
service maintenance, and inspection with Federally
stocked tools and equipment. Designs requiring
specially designed maintenance tools and equipment
shall be avoided. The item shall be constructed so
that adjustments and repairs of field-adjustable
components can easily be made by personnel of opera-
ting units and overhaul bases. The equipment shall
meet the requirements of MIL-STD-470.
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Paragraph 3.1.1.12.2--Add the following to the existing
paragraph:

Spherical Bearings. Self-lubricating spherical bear-
ings shall conform to MIL-B-8942 or MIL-B-8948.

RECOMMENDATIONS FOR TEST REQUIREMUNTS

Paragraph 3.5.1.4--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
810. Specific test parameters shall be in accordance
with the applicable system specification.

Paragraph 3.5.1.5--Add the following:

Reliability and Maintainability Demonstratior. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with

an approved test plan established by the system speci-
fication.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure
rate, downtime, and maintenance man-hours as estab-
lished in the test plan must be met or exceeded for
acceptance.

GENERAL RECOMMENDATIONS

This specification is considered inferior to MIL-F-9490, even
with the above additions, for application to U.S. Army heli-
copter design and test. It is therefore recommended that in
all appropriate specifications (such as AMCP-706-203) reference
to MIL-F-18372 be deleted and replaced by MIL-F-9490.
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MUMBER: MIL-B-5628 (26 Jul 51) 3

TITLE: Airframe Plain Bearings C--Not Applicable

EVALUATION COMMENTS

This specification has been cancelled with no superseding stan-
dard for airframe self-aligning plain annular bearings AN942.
These bearings are not suitable for use in any application.

Personnel safety may be involved.

RECOMMENDATIOMS ¢ None
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NUMBER: MIL-B-5629 (28 Feb 50)

TITLE: Airframe Plain Rod-End Bearings C--Not Applicable

EVALUATION COMMENTS

This specification establishes requirements for the following
bearings which have been classified as noted:

AN943 and AN947--Inactive for design after 14 May 1971 with no
superseding standard
AN949--Cancelled after 18 February 1971 with no superseding
standard

RECOMMENDATIONS: None
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NUMBER: MIL-B-8942 (ASG) (14 Aug 67) 5
TITLE: Self-Aligning TFE-Lined Plain Bearings B--Inadequate

EVALUATION COMMENTS

This specification covers plain spherical bearings, self-
aligning and self-lubricating with TFE lining between ball and
outer ring for use in =-65°F to +250°F range. The following
deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Standards, Military
Environmental: Requirements inadequately specified
Safety: No requirements specified

Reliability: Requirements inadequately specified
Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: Requirements inadequately specified

Reliability and Maintainability: No demonstration requirements
specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.1--Under ftandards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and Equip-
ment Development and Production

MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systems
and Associated Subsystems and Equipment,
Requirements For

Paragraph 3.5.1--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system spec-
ification of the procuring agency.
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Paragraph 3.3.2--Add the following:

Safetg. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and operating
instructions. Provisions shall be made to prevent
personnel from being accidentally subjected to in-
jurious voltages or current, pressures, temperatures
or movements of components. Safety requirements shall
be in accordance with MIL-STD-882.

Paragraph 3.3.3--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary to
achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as reliability
is not adversely affected. Reliability requirements
shall be in accordance with MIL-STD-785, and as
specified in the system specification.

Paragraph 3.3.4--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availabil-~
ity. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs
requiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.3.4--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
810. Specific test parameters shall be in accordance
with the applicable system specification.
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Paragraph 4.3.5--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Bcceptance Criteria. Quantitative reliability and

maintainability requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.
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NUMBER: MIL-B-8948A (30 Nov 72) )

TITLE: Self-Aligning TFE-Lined Rod-End Plain B--Inadequate
Bearings

EVALUATION COMMENTS

This specification covers plain rod-end bearings, self-aligning
and self-lubricating with TFE lining between ball and outer
ring for use in -65°F to +250°F temperature range. Bearing
shall contain a bearing cartridge per MS21230 gqualified to
MIL-B-8942. The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Standards, Military
Environment: No requirements specified

Safety: No requirements specified

Reliability: No requirements specified

Maintainability: No requirements specified

TEST REQUIREMENTS

Environmental: No reguirement specified

Reliability and Maintainability: No demonstration require-
ments specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipments)

MIL-STD-785 Reliability Program for System and Equip-
ment Development and Production

MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systems and
Associated Subsystems and Equipment,
Requirements For

Paragraph 3.3.1--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the
environmental conditions specified in the system
specification of the procuring agency.
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Paragraph 3.3.2--Add the following:

Safety. Systems and components shall be designed to
proviée a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and operating
instructions. Provisions shall be made to prevent
personnel from being accidentally subjected to in-
jurious voltages or current, pressures, temperatures,
or movements of components. Safety requirements shall
be in accordance with MIL-STD-882.

Paragraph 3.3.3--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary to
achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as reliability
is not adversely affected. Reliability requirements
shall be in accordance with MIL-STD-785, and as
specified in the system specification.

Paragraph 3.3.4--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.6.7--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
810. Specific test parameters shall be in accordance
with the applicable system specification.
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Paragraph 4.6.8--Add the following:

Reliability and Maintainability Demonsfréiﬁ
shall be performed to demonstrate cqmp~

an approved test plan established by tﬁe
specification.

Acceptance Criteria. Quantltatlve reliah"‘
maintainability requirements in terms ©
rate, downtlme, and maintenance man-hourg

acceptance. G
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_©/NUMBER: MIL-B-81819 (Proposed) /
: (Draft #4 Oct 73)

t

o

.

,v};
‘TITLE: High-Speed Self-Aligning Self- B--Inadequate
Lubricating Plain Bearings

EVALUATION COMMENTS

Fy%%.ﬂhis specification covers requirements for sliding spherical
7 bearings which are self-aligning and self-lubricating for use
in the -65°F to +160°F temperature range. These bearings are
*"intended primarily for critical applications of low loads and
-high-frequency oscillation found in helicopters. While the

'current drafi of this document contains some deficiencies, it
"is recommended as the preferred plain self-lubricating bearing
iuiSpecification for helicopter application. The following de-

" ficiencies exist:

DESIGN REQUIREMENTS

‘Applicable Documents: Paragraph 2.1, Standards, Military
‘Environmental: Requirements inadequately specified
Safety: No requirement specified

#Reliability: Requirements inadequately specified
Mdintainability: No requirement specified

fEST REQUIREMENTS

Environmental: Requirements inadequately specified
Reliability and Maintainability: No demonstration requirements
. specified

4

REéOMMENDATIONS FOR DESIGN REQUIREMENTS

“”ﬁ%?pparagragh 2.1--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-810 Environmental Test Methods
1
MIL-STD-882 System Safety Program for Systems

| and Associated Subsystems and
Equipment, Requirements For
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Paragraph 3.3.1--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.

Paragraph 3.3.2--Add the following:

Safety. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary wzrnings and information shali be affixed
to components when considered essential and shall

be supplied with installation, maintenance, and oper-
ating instructions. Provisions shall be made to
prevent personnel from being accidentally subjected
to injurious voltages cr current, pressures, tempera-
tures or movements of components. Safety require-
ments shall be in accordance with MIL-STD-882.

Paragraph 3.3.3--Add the following:

Reliability. Reliability of equipment furnished
under this specification shall be that which is
necessary to achieve the required mission and system
reliability. Equipment installation shall provide
for standardization and simplicity of operation as
long as reliability is not adversely affected.
Reliability requirements shall be in accordance

with MIL-STD-785, and as specified in the system
specification.

Paragraph 3.3.4--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved avalla-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be
constructed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.
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Ri UMMENVATIONS FUR TEST REQUIREMLIvIS

Paragraph 4.6.5.2--Add the following:

Combined Fluid and Solid Contaminant. Five bearinas
shall be tested in accordance with 4.6.3 after fluid
immersion per 4.6.5 (one bearing in each fluid) ex-
cept that test bearings will be dusted once per hour
of test time with Arizona Road Dust without water
contamination.

Paragraph 4.3.3--Add the following:

Environmcntal Testing. Equipment shall be subjected

to environmental testing in accordance with MIL-STD-

810. Specific test parameters shall be in accordance
with the applicable system specification.

Paragraph 4.3.4--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be pertormed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure
rate, downtime, and maintenance man-hours as estab-
lished in the test plan must be met or exceeded for
acceptance.
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NUMBER: MIL-B-§1820A (31 Mar 72) ¢

TITLE: Low-Speed Self-Aligning Self- B--Inadequatc
Lubricating Plain Bearings

EVALUATION COMMENTS

This specification covers requirements for plain spherical
bearings, self-aligning and self-lubricating with TFE in a
liner between the ball and outer ring for use in -65°F to
4+325°F temperature range. The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Standards, Military
Environmental: Requirements are inadequately specified
Safety: No requirement specified

Reliability: Requirements are inadequately specified
Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: Requirements inadequately specified

Reliability and Maintainability: No demonstratipn require-
ments specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and Equip-
ment Development and Production

MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systems and
Associated Subsystems and Equipment,
Requirements for

Paragraph 3.3.1--Add the following:

Environmental Conditions. Equipment shall be capable
of satigfactory operation when subjected to the environ-
mental conditions specified in the detailed specified

in the system specification of the procuring agency.
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rarayraph 3.3.2--Add the following:

Safety. Systems and components shall be designed to
proviﬁe a maximum of safety tc personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall

be supplied with installation, maintenance, and
operating instructions. Provisions shall be made to
prevent personnel from being accidentally subjected
to injurious voltages or current, pressures, temp-
eratures or movements of components. Safety require-
ments shall he in accordance with MIL-STD-882.

Paragraph 3.3.3~-Add the following:

Reliability. Reliability of equipaxent furnished
under this specification shall be that which is
necessary to achieve the required mission and sys-
tem reliability. Fguipment installation shall
provide for standardization and simplicity of oper-
ation as long as reliability is not adversely
affected. Reliability requirements shall be in
accordance with MIL-STD-785, and as specified in the
system specification.

Paragraph 3.3.4--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.3.5--Add the following:

Environmental Testing. Equipment shall be subjected

to environmental testing in accordance with MIL-STD-

810. Specific test parameters shall be in accordance
with the applicable system specification.
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Paragraph 4.3.6--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with

an approved test plan established by the system

specification.

Acceptance Criteria. Quantitative reliability and

maintainabllity requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.
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NUMBER: MIL-B-6038A (28 Mar 61) A

TITLE: Airframe Antifriction Bellcrank Ball B--Inadequate
Bearings

EVALUATION COMMENTS

This specification covers MS20218 antifriction bellcrank ball
bearings intended primarily for use in aircraft control sys-

tems. It provides for seals to prevent entrance of contami-

nants and to retain lubricant throughout a temperature range

of -67°F to +250°F. The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: Requirements inadequately specified

Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: Requirements inadequately specified

Reliability and Maintainability: No demonstration require-
ments specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Specifications, delete:

MIL-L-5272 Environmental Testing, Aeronautical and
Associated Equipment, General Specifica-

tion For

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-810 Environmental Test Methods
MIL-STD-882 System Safety Program for Systems and

Associated Subsystems and Equipment,
Requirements For
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Paragraph 3.14--add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.

Paragraph 3.15--Add the following:

Safety. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to comporents when considered essential and shall

be supplied with installation, maintenance, and
operating instructions. Provisions shall be made to
prevent personnel from being accidentally subjected
to injurious voltages or current, pressures, tempera-
tures or movements of components. Safety requirements
shall be in accordance with MIL-STD-882.

Paragraph 3.16--Add the followinc:

Reliability. Reliability of equipment furnished under
this specification shall be that which is fiecessary to
achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as reliability
is not adversely affected. Reliability requirements
shall be in accordance with MIL-STD-785, and as
specified in the system specification.

Paragraph 3.17--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availability.
The item shall be capable of disassembly, reassembly,
service maintenance, and inspection with Federally
stocked tools and equipment. Designs requiring spe-
cially designed maintenance tools and equipment shall
be avoided. The item shall be constructed so that
adjustments and repairs of field-adjustable compon-
ents can easily be made by personnel of operating
units and overhaul bases. The equipment shall meet
the requirements of MIL-STD-470.
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RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.3.3--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
8l0. Specific test parameters shall be in accordance
with the applicable system specification.

Paragraph 4.3.4--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and majntainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Acceptance Criteria. Quantitative reliability and

maintainability requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.

Paragraph 4.5.5--Revise the second sentence as follows:

Seals. The seals shall then operate in a test chamber
at 3 revolutions per minute (rpm) while tested in
accordance with the high temperature tests, Method
501, Procedure II, and the low temperature tests,
Method 502, Procedure I, of Specification MIL-STD-810.

Paragraph 4.5.5--Add the following after the above sentence:

Seals. During operation in the high temperature tests,
the bearings shall be subjected to the sand and dust
test in accordance with Method 510, Procedure I, of
Specification MIL-STD-810.
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NUMBEP. MIL-R-6039C (7 Jul 71) 10

TITLE: Self-Aligning Antifriction Sealed Rod- B--Inadequate
End Double~Row Ball Bearings

EVALUATION COMMENTS

This specification covers sealed, self-aligning, antifriction
rod-end ball bearings intended for use in aircraft control
systems where high rotative speeds are not involved and temp-
erature ranges are either -65°F to +250°F or -65°F to +350°F
with 20-percent reduction of dynamic load carrying capacity.
The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Standards, Military
Environmental: Requirements inadequately specified
Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: Requirements inadequately specified

Reliability and Maintainability: No demonstration require-
ments specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-882 System Safety Program for Systems
and Associated Subsystems and
Equipment, Requirements For

Paragraph 3.10--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.
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Paragraph 3.1l1--Add the following:

Safety. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of installation and testing. Adeguate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and operating
.nstructions. Provisions shall be made to prevent
personnel from being accidentally subjected to in-
jurious voltages or current, pressures, temperatures
or movements of components. Safety requirements shall
be in accordance with MIL-STD-882.

Paragraph 3.12--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary to
achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as reliabil-
ity is not adversely affected. Reliability require-
ments shall be in accordance with MIL-STD-785, and

as specified in the system specification.

Paragraph 3.13--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equipment
shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.3.3--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
810. Specific test parameters shall be in accordance
with the applicable system specification.
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Paragraph 4.3.4--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.
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NUMBER: MIL-B-7949D (8 Dec 71) 11
FITLE: Airframe Antifriction Ball Bearings B--Inadequate

EVALUATION COMMENTS

This specification covers antifriction bearings in the -65°F

to +350°F temperature range intended for use in aircraft con-
trol systems where high rotative speeds are not encountered.
Bearings governed by this specification include MS27640 through
MS27649, all having Teflon seals to prevent entrance of contam-
inants and retain lubricant. The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: Requirements inadequately specified

Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: Requirements inadequately specified

Reliability and Maintainability: No demonstration requirements
specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-882 System Safety Program for Systems
and Associated Subsystems and Equip-
ment, Requirements For

Paragraph 3.15--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the
environmental conditions specified in the system
specification of the procuring agency.
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Paragraph 3.16--Add the following:

Safety. Systems and components shall be designed to
proviée a maximum of safety to personnel during the g
course of installation and testing. Adequate pre- - - 5
cautionary warnings and information shall be affixed ) -
to components when considered essential and shall be

supplied with installation, maintenance, and operating

instructions. Provisions shall be made to prevent

personnel from being accidentally subjected to in-

jurious voltages or current, pressures, temperatures

or movements of components. Safety requirements shall

be in accordance with MIL-STD-882,

Paragraph 3.17--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary

to achieve the required mission and system reliability.
Equipment installation shall provide for standardiza-
tion and simplicity of operation as long as relia-
bility is not adversely affected. Reliability require-
ments shall be in accordance with MIL-STD-785, and as
specified in the system specification.

Paragraph 3.18--Add the following:

Maintainability. The availability and maint.. ance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required syctem inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equipment
shall meet the requirements of MIL-STD-470.

Paragraph 4.3.3--Add the following:

Environmental Testing. Equipment shall be subjected
to environmenta' testing in accordance with MIL-STD-
810. Specific test purameters shall be in accordance
with the applicable system specification.

76



("

Paragraph 4.3.4--Add the following:

Reliability and Maintainability Demonstration. Tests

shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with

an approved test plan established by the system speci-
fication.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.

Paragraph 4.5.7.1--Revise second sentence as follows:

Performance lest. The bearings shall be subjected to
the sand and dust test in accordance with Method 510,
Procedure 1, of MIL-STD-810.
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NUMBER: MIL-B-3990B (11 Dec 68) 12
TITLE: Airframe Antifriction Needle Roller B--Inadequate
Bearings

EVALUATION COMMENTS

This specification covers the requirements for nonseparable,
antifriction needle bearings primarily for use in aircraft
control systems in which the load is primarily radial. Bearing
types are specified by MS24461 through MS24466. The following
deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: No requirements specified

Safety: ©No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: No requirements specified

Reliability and Maintainability: No demonstration requirements
' specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-S1D-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systemnms
and Associated Subsystems and
Equipment, Requirements For

Paragraph 3.10--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.
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Paragraph 3.11--Add the following:

Safety. Systems and components shall be designed to
provi%e a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall be
supplied with installation, maintenance, and operating
instructions. Provisions shall be made to prevent
personnel from being accidentally subjected to in-
jurious voltages or current, pressures, temperatures,
or movements of components. Safetv requirements shall
be in accordance with MIL-STD-882.

Paragraph 3.12--Add the following:

Reliability. Reliability of equipment furnished under
this specification shall be that which is necessary

to achieve the required mission and system reliabil-
ity. Equipment installation shall provide for stand-
ardization and simplicity of operation as long as
reliability is not adversely affected. Reliability
requirements shall be in accordance with MIL-STD-785,
and as specified in the system specification.

Paragraph 3.13--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs
requiring specially designed maintenance tools and
equipment shall ke avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.3.3--Add the following:

Environmental Testing. Equipment shall be subjected

to environmental testing in accordance with MIL-STD-

810. Specific test parameters shall be in accordance
with the applicable system specification.

79

et e L



Paragraph 4.3.4--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure rate,
downtime, and maintenance man-hours as established in
the test plan must be met or exceeded for acceptance.
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NUMBER: MIL-B-5687C (12 Jun 62) I3

TITLE: Oil-Impregnated Sintered Metal-Powder B--Inadequate:
Sleeve Bearings and Thrust Washers

EVALUATION COMMENTS

This specification covers bearings which are permissable only
in fast moving rotating applications such as in qualified
motors or actuators. They shall not be used in flight control
system applications with slow moving or oscillating motions.
The following deficiencies exist:

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: No requirements specified

Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requirement specified

TEST REQUIREMENTS

Environmental: No requirements specified

Reliability and Maintainability: No demonstration require-
ments specified

RECOMMENDATIONS FOR DESIGN REQUIREMENTS

Paragraph 2.l--Under Standards, Military, add:

MIL-STD-470 Maintainability Program Requirements
(For Systems and Equipment)

MIL-STD-785 Reliability Program for System and
Equipment Development and Production

MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program for Systems
and Associated Subsystems and
Equipment, Requirements For

Paragraph 3.10--Add the following:

Environmental Conditions. Equipment shall be capable
of satisfactory operation when subjected to the en-
vironmental conditions specified in the system
specification of the procuring agency.
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Paragraph 3.l1.--Add the following:

Sa“uty. Systems and components shall be designed to
provide a maximum of safety to personnel during the
course of installation and testing. Adequate pre-
cautionary warnings and information shall be affixed
to components when considered essential and shall

be supplied with installation, maintenance, and
operating instructions. Provisions shall be made

to prevent personnel from being accidentally sub-
jected to injurious voltages or current, pressures,
temperatures or movements of components. Safety
requirements shall be in accordance with MIL-STD-882.

Paragraph 3.12--Add the following:

Reliability. Reliability of equipment furnished
under this specification shall be that which is
necessary to achieve the required mission and system
reliability. Equipment installation shall provide
for standardization and simplicity of operation as
long as reliahility is not adversely affected.
Reliability requirements shall be in accordance with
MIL-STD-785, ard as specified in the system
specification.

Paragraph 3.13--Add the following:

Maintainability. The availability and maintenance
man-hours per flight hour required of the subsystem or
component shall be that which is necessary to achieve
the required system inherent and achieved availa-
bility. The item shall be capable of disassembly,
reassembly, service maintenance, and inspection with
Federally stocked tools and equipment. Designs re-
quiring specially designed maintenance tools and
equipment shall be avoided. The item shall be con-
structed so that adjustments and repairs of field-
adjustable components can easily be made by personnel
of operating units and overhaul bases. The equip-
ment shall meet the requirements of MIL-STD-470.

RECOMMENDATIONS FOR TEST REQUIREMENTS

Paragraph 4.6.7--Add the following:

Environmental Testing. Equipment shall be subjected
to environmental testing in accordance with MIL-STD-
810. Specific test parameters shall be in accordance
with the applicable system specification.
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Paragraph 4.6.8--Add the following:

Reliability and Maintainability Demonstration. Tests
shall be performed to demonstrate compliance with
reliability and maintainability program goals. The
demonstration shall be performed in accordance with
an approved test plan established by the system
specification.

Acceptance Criteria. Quantitative reliability and
maintainability requirements in terms of failure
rate, downtime, and maintenance man-hours as estab-
lished i.a the test plan must be met or exceeded for
acceptance.
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NUMBER: FF-B-185 (26 Dec 63) 14

TITLE: Cylindrical Roller Bearings and Self- B--Inadequate
Aligning Roller Bearings

EVALUATION COMMENTS

This specification covers cylindrical and self-aligning roller
bearings for general purpose use. The following deficiencies
exisc.

DESIGN REQUIREMENTS

Applicable Documents: Paragraph 2.1, Specifications and
Standards

Environmental: No requirements specified

Safety: No requirement specified

Reliability: No requirement specified

Maintainability: No requir=ment specified

TEST REQUIREMENTS
Environmental: No requirements specified
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